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P   k    E    F    A    C  E. 

WHEN  confidered  in  that  extent  of 
which  the  fubjedl  is  fufceptible. 
Medicine  appears  to  be  of  the  utmbft  cori- 
fequence  to  mankind.  But  riotwithftand- 
ing  its  importance,  it  does  not  feem  to 
have  been  generally  ftudied  upon  juli 
principles  :  For  the  facSl  muft  be  acknow- 
ledged, that  the  Healing  Art  has  made 
a  flower  progrefs  towards  improvement 
than  almoft  any  other  branch  of  Science, 
Whatever  changes  and  new  modifications 
the  dodlrines  of  Medicine  nia^  have  un- 
dergone, medical  practice  has '  continued 
almoft  invariably  the  fame,  among  every 
fedl  of  Phyficians,  fince  the  days  of  Hip- 
pocrates, till  nearly  the  prefent  time. 

Since  a  juft  method  of  philofdpliifing 
has  been  employed,  we  obferve  a  remark- 
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able  change  to  have  taken  place  in  every 
department  of  Science.  Reafoning  from 
preconceived  opinions,  and  vague  hypo- 
thefes^  has.  given  place  to  c^ncljafions 
founded  upon  the  indudlion  of  fadls  which 
are  either  felf-obvious,  or  eftablilhed  by 
the  fure  teft  of  experiment.  Guided  by 
this,  unerring  plan,  triitb  has  been  made 
to  triumph  over  error,— aflumed  tjieories, 
unfupported  by  fa(5ls„  are  in  a  g^eat  mea- 
fure  banifhed, — and  the  fciences,  and  arts^ 
conne(5led  with  them,  are  refpedlively  ar- 
rived at  a  degree  of  perfedHiioa  proportion- 
ed to  the  extent  in  which  fuch  a  mode  of 
cultivation,  has  been  purfued. 

It  is  hfi).wever  very  generally  admitted, 
and  it  is  much^t^  be  regretted^  that  the 
fame  obfervations  cannot  with  juftice  be 
applied  to  Medicine.  Why  has  not  the 
faxne  rapid  improvemtent  beea  made  in 
this  fci^ence,  as  in  other  branches  of  phi- 
lofophy  ?  Are  the  principles"  of  indudive 
philofophy  inapplicable  to  Medicine?  or- 
liave  the  generalifiy  of  thofe  who.  have  pur- 
fued 
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fued  this  fludy  not  availed  themfelves  erf 
thefe  principks  ?  To  fiippofe  that  the  lamie 
methods  by  which  truth  is  difcriminated 
from  error  in  oth'er  branches  of  hutaan 
knowledge,  will  not  apply  to  the  Healing 
•  Art,  is  an  evident  abfurdity.  The  opera- 
tions of  Nature  in  the  animal  body,  whe- 
ther in  the  ftate  of  health  or  difeale,  are 
conducted  according  to  fixed  laws.  It  is 
certainly  poflible,  from  obfervation  and 
experiment,  to  aicertain  thefe  laws ;  and 
from  hence  to  deduce  jufl  rules  for  the 
prefervation  of  health  and  cure  of  diftafe. 
It  muft  however  be  confefTed,  that  true 
philofophy  has  not  at  all  times  been  em- 
ployed in  the  profecution  of  medical  ftu- 
dies. 

A  few  years  only  have  elapfed,  fince  an 
attempt  was  made  by  the  late  Dr  John 
Brown,  to  apply  the  principles  of  modern 
fcience,  for  the  cultivation  of  the  He^aiing 
Art.  It  is  not  intended  here  to  inquire, 
how  far  he  fucceeded  in  the  execution 
of  this  important  ts^fk.     But  there  are 

b  a  many 
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many  reafons  to  conclude,  that  this  au- 
thor has  been  led  into  confiderable  mis- 
takes, arifing  from  his  unlimited  fimplifi- 
cation  of  caufe  and  efFe(5l.  The  faA  how- 
ever is  indifputable,  that  this  new  fyftem 
has  produced  a  more  remarkable  revolu- 
tion, both  in  the  theoretical  and  pradlical 
departments  of  this  branch  of  fcience,  than 
is  to  be  found  throughout  the  whole  hif- 
tory  of  Medicine.  Under  all  the  former 
dodlrines  of  this  Art,  and  under  almoil 
>  every  modification  of  difeafe,  we  find  an 
univerfal  famenefs  in  the  method  of  cure. 
Bleeding,  purging,  vomiting,  and  every 
other  mode  of  evacuation,  were  indifcrimi- 
nately  applied,  in  almoft  every  difeafe :  and 
even  in  thofe  ckfes  in  which  ftimulants  were 
employed,  or  an  invigorating  plan  of  cure 
purfued,  thefe  were  frequently  alternated 
with  evacuants,  as  if  certain  difeafes  could 
i|ot  be  eradicated,  except  by  the  oppofite 
means  of  inducing  debility  and  vigour  at 
the  fame  time  in  the  body.  Argument 
is  certainly  unnecefTary  to  prove  the  im- 

j  propriety 


PREFACE 


hi 


propriety  of  employing  totally  diflimilar 
powers  to  conibat  the  fame  difeafe. 

The  pra(5liGe  founded  on  the  new  the- 
ory in  one  refpe<5l  refembles  the  old,  as 
the  fame  method  of  cure  is  employed  in 
the  far  greater  number  of  difeafes.  The 
©Id  theorifts  univerfally  applied  evacuants, 
and  endeavoured  to  debilitate  the  fyfhem 
by  every  means.  The  application  of  fti- 
mulants  is  nearly  as  univerfal,  on  the  prin^ 
ciples  of  the  new  theory.  According  to 
tlie  affertion  of  its  author,  this  plan  of 
cure  ought  to  be  employed  in  the  propor- 
tion of  ninety-feven  difeafes  in  the  hun- 
dred; If  this  opinion  is  founded  in  the 
nature  of  things,  what  havock  mull:  have 
been  produced  by  the  oppolite  method^ 
during  the  courfe  of  two  thoufand  years  ? 

It  is  however  to  be  feared,  that,  upon 
a  moderate  calculation,  both  the  bene- 
ficial and  pernicious  tendency  of  either 
mode  of  pradlice  is  nearly  in  an  equal 
xatioy  in  proportion  to  the  time  of  their 

refpedliv« 
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refpedlive  reigns.  Mankind  hitherto  have 
had  a  wonderful  tendency  towards  rnfh- 
ing  into  extremes. '  In  no  cafe,  perhaps, 
is  this  fadl  more  fully  exemplified,  than  in 
the  inftance  now  before  us  :  For  if  (as 
has  been  aflerted)  the  pradlice  under  the 
old  theories  has  had  a  tendency  more  fre- 
quently to  produce  death  than  to  cure 
difeafe,  it  is  ftill  perhaps  problematical, 
whether  that  of  more  modern  date  does 
not,  in  many  inftances,  produce  the  fame 
cfFedl,  by  employing  in  oppofite  caufe. 
For  there  is  reafon  to  believe,  that  this 
practice  has  been  carried  to  the  extreme, 
by  thofe  who  are  acquainted  with  the  prin- 
ciples upon  which  it  is  founded,  and  alfo 
by  thofe  who  are  guided  merely  by  the  u- 
niverfal  principle  of  imitation.  The  me- 
thod, liowever,  which  the  author  of  it  ad- 
opted, for  analizing  the  Healing  Art,  has 
been  found  of  the  utmoft  importance  for 
profecuting  difcoveries  iii  every  other 
branch  of  Science  ;  and  there  are  good 
grounds  to  hope,  that  by  ftill  purfuing 
the  fame  plan  with  caution,  Medicine  will 
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2>rogressively  become  a  most  valuable  acqui- 
sition to  society. 

To  effect  this  important  purpose,  ought 
to  be  the  chief  business  of  every  one  who 
has  devoted  himself  to  the  study  of  this 
science-  That  much  still  remains  to  be  done, 
roust  be  granted.  ' 

In  the  following  Eissay,  an  attempt  has 
been  made  to  state  the  Causes  and  Pheno- 
mena of  Animal  Life,  and  the  various  changes 
to  which  the  body  is  liable,  by  the  increased 
or  diminished  action  of  those  powers  whicii 
produce  life,  or  of  others  to  the  operation 
of  which  the  animal  body  may  be  subjected. 
An  accurate  knowledge  of  the  causes  by 
which  animal  life  is  produced  and  conti- 
nued, and  the  various  changes  to  which  the 
body  is  liable,  seems  to  be  the  basis  upon 
which  only  a  just  medical  theory  and. prac- 
tice can  be  founded..  With  what  success 
the  subject  has  been  treated,  must  be  left 
to  the  determination  of  the  reader.  That  it 
is  in  many  respects  deficient,  arising  from 

the 
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brevity  with  which  so  extensive  a  subject  has 
been  treated,  and  from  the  imperfect  state 
of  our  knowledge  with  regard  to  the  laws 
of  animated  nature,  the  Author  is  ready  to 
admit;  and  it  may  contain  errors  of  which 
he  is  not  conscious.  If  these  are  candidly 
pointed  out,  he  will  cheerfully  submit  to  cor- 
rection. 

Charlotte  Street,  Bloomshury.  "1 
October  1,  1806.  J 
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THE  works  of  Nature,  which  m Ay- 
be  properly  comprehended  '  undet  - 
the  two  divifions  of  organic  and  inorganic 
matter,  exhibit  an  almofl  infinite  variety 
of  produdlions,,  apparently  dilTimilar,  yet 
fo  intimately  connected,  that  each  indi- 
vidual feems  ncceffaf  y  to  the  whole.  Un- 
der each  of  thefe  forms  we  obferve  matter 
fubjedled  to  perpetual  viciffitude.  A  feries 
of  decompofitions, ,  and  of  the  formation 
of  new  bodies,  '  regularly  fucceed  each 
other.  It  is  the  bufineis  of  philofophy  to 
colled  the  various  fadls  which  nature  offers 
'      A    ^  to 
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to  our  obfervation,  and  from  a  proper  ar- 
rangement of  thefe  fads,  on  the  principles 
of  induction,  to  afcertain  the  general  laws 
by  which  her  operations  are  diredlbd :  or 
in  other  words,  to  difcover  thofe  mutual 
relations  which  fubfift  between  the  various 
fubfl;ances  which  form  the  natural  world. 

The  changes  which  take  place  on  inor- 
ganic matter,  the  decompofitions  which 
are  eiFe(5led,  the  new  fubftances  which 
are  produced,  with  the  form^  and  qualities 
which  they  affume,  are  known  to  depend 
upon  what  are  termed  the  laws  of  che- 
mical attra(5lion  or  affinity.  Thefe  are, 
in  fa(5l,  immutable  relations  fubfifting  be- 
tween the  various  fpecies  of  matter.  Twa 
or  more  given  bodies  will,  at  all  times, 
if  placed  in  fimilar  circumftances,  exhibit 
the  fame  phenomena.  Anomalous  cafes 
of  chemical  attradtion  were  indeed  for- 
merly fuppofed  to  exift;  but  in  proportioa 
to  the  increafe  of  our  knowledge  upon  this 
fubjed,  by  accurate  inveftigation,  thefe 
fuppofed  anomalies  have  difappeared,  and. 
•we  have  obtained  the  mod  convincing 

proofs 
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proofs  that  on  inorganic  matter  nature 
operates  by  invariable  laws. 

The  fame  uniformity  of  operation,^  we 
mull  neceffarily  conclude,  takes  place  in 
the  formation  of  organized  fubftances,  and 
in  the  produdlion  of  the  various  pheno- 
mena which  they  exhibit.  They  are  not 
governed  by  precifely  the  fame,  but  by 
equally  fixed  and  invariable  laws.  The 
formation  of  an  organized  body,  whether 
animal  or  vegetable,  and  the  produ(5lion 
and  continuance  of  that  fpecies  of  life 
which  it  poffefTes,  with  all  its  phenomena, 
depend  on  immutable  relations  fubfifting 
between  various  fpecies  of  matter. 

The  defign  in  this  effay  is  to  inftitute 
an  enquiry  concerning  the  caufes  and 
phenomena  of  animal  life,  particularly  in 
the  human  fpecies.  The  importance  of 
the  fubje(5l  will  be  generally  admitted;  for 
the  prefervation  of  health,  and  the  cure  of 
difeafes,  mud  materially  depend  upon  a 
juft.  knowledge  of  the  caufes  by  which  the 
phenomena  of  life  are  produced  and  con- 
tinued,   In  the  profecution  of  this  fub- 

A  2  je6l 
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jedl  I  fliall  ftudioufly  avoid  hypothetical 
opinions,  and  fliall  endeavour  to  deduce 
the  theory  which  I  hopie  to  efhabUfh,  from 
incfifputable  fa(5ls.  Where  the  operations 
of  nature  ehide  our  refearches,  we  muft 
neceffarily  clofe  the  enquiry. 

The  phenomena  of  Hfe  in  the  human 
fpecies,  have  been  attributed  to  the  union 
of  an  immaterial  fubftance  to  the  corporeal 
*  frame.  It  is  not  intended  here,  to  deny 
the  exiftence  of  foul  or  fpirit,  whether 
purely  immaterial,  or  otherwife ;  but  we 
cannot  admit  that  the  animal  life  in  the 
human  fpecies  is  produced  by  the  prefence 
of  fuch  a  diftincSl  fubftance,  becaufe  we 
obferve  the  fame  fpecies  of  life,  the  fame 
animal  funt5lions,  pofTeffed  by  the  inferior 
orders  of  the  anim^il  kingdom.  Some- 
thing analogous  to  animal  life  is  alfo  fuf- 
ficiencly  obvious  in  the  vegetable  king- 
dom, though  in  a  lower  degree ;  and  no 
one,  it  is  prefumed,  will  be  inclined  to 
luppofe  the  exiflence  of  fpirit  in  vege- 
tables. The  notion  of  an  animal  foul, 
by  which  all  the  fun<3:ions  of  body  are 
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dire(5ted,  is  mere  hypothefis,  unfupported 
by  a  fingle  fa(5l.  The  archc^us  of  Van 
Helrnont,  and  the  vis  medicatrix  natiircd  of 
later  phyfiologifts,  whether  intended  to 
exprefs  fubftances'  diftini£l  from  body,  or 
only  certain  powers  pofTefTed  by  orga- 
nized matter,  -  feem  too  much  founded 
upon  fancy  to  deferve  a  particular  con- 
lideration. 

In  afcertaining  the  caufes  of  animal  life, 
it  is  neceflary  firft  to  point  out  the  criteria 
by  which  we  dillinguifli  animate  from  in- 
animate matter.  Thefe  are,  fenfation, 
perception,  and  motion.  By  fenfation,  we 
mean  diftindl  feelings  of  pain  or  pleafure, 
produced  by  the  operation  of  various 
agents.  By  perception,  we  denote  the 
confcioufnefs  of  fuch, feelings.  The  term 
motion  ij:  is  unneceflary  to  explain.  Thefe 
properties  we  perceive  exifting  in  a  greater 
or  lefTer  degree  in  all  animals.  In  man, 
and  the  other  nobler  animals,  they  exift 
in  the  higheft  degree.  In  the  inferior  or- 
ders, Sve  obferve  the  powers  of  life  more 
circumfcribed :  yet,  in  as  far  as  we  per- 
ceive, 
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ceive,  that  they  have  organs  fimilar  to  our 
own,  and  that  when  a6led'  upon  by  cer- 
tain powers,  the  fame  phenomena  are  pro- 
duced in  them  as  in  ourfelves,  we  muft 
infer  that  they  poffefs  the  fame  properties. 

The  exiftence  of  thefe  properties,  fen- 
fation,  pei'ception,  and  motion,  are  the 
Ible  criteria  of  life,  and  thefe  are  produced 
by  the  adlion  of  certain  powers  or  agents. 
The  rays  of  light,  refle(5led  oti  the  retina 
from  any  fubftance,  produce  the  fenfation 
called  iight :  the  undulating  motion  of 
the  air,  arifing  from  the  vibrations-  of  a 
fonorous  body,  produces  the  fenfation  of 
found,  or  hearing:  the  conta(5l  of  ano- 
ther fubftance  conftitutes  feeling  :  and  the 
operation  of  the  mental  function,  or  of. 
any  chemical  or  mechanical  ftimuius,  on 
mufcular  fibre,  produces  motion.  The 
pofTefhon  of  thefe  properties  diftinguiflies 
living  from  dead  matter.  Now  we  cannot 
Account  for  thefe  properties  upon  any  me- 
chanical principles ;  nor  can  the  moft  ac- 
curate inveftigation  of  the  ftrudlure  or 
conftituents  of  the  animal  body,  difcover 

the 
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the  caufe  of  that  capacity  which  we  ob- 
ferve  in  organized  matter,  of  being  thus 
afted  upon  by  the  different  powers  which 
excite  motion  or  produce  fenfation.  The 
anatomift  may  trace,  and  (how,  to  a  cer- 
tain degree,,  the  diftribution  of  particular 
^  nerves,  blood-veiTels,  and  mufcular  fibres/: 
the  chemifl  may  exhibit  their  conilituents, 
by  the  lafl  refult  of  analyfis :  but  however 
important  their  labours  are  in  other  re- 
fpe^s,  hitherto  they  have  not  thrown  any 
light  on  that  pecuhar  capacity,  which  we 
obferve  in  animal  bodies,  of  being  adled 
upon;  the  confequence  of  which  adlion  is 
the  produdiion  of  the  phenomena  of  life. 
We  are  reduced  therefore  to  the  neceflity  of 
concluding,  that  this  capacity  depends  fim- 
ply  upon  a  peculiar  organization :  and  that, 
by  feveral  modifications  of  that  organiza- 
tion, the  body  is  rendered,  in  its  various 
parts,  fufceptible  of  the  a<5tion  of  different 
powers,  by  which  all  the  fenfations  and 
motions  are  excited.  The  moft  diftintfl 
notion  that  we  can  obtain  of  life,  perhaps, 
is,  that  it  is  a  (late  produced  in  organized 

bodies. 
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bodies,  by  the  operation  of  certain  agents^ 
Mere  organic  flriidlure  is  not  fufEcient  to 
account  for  the  phenomena  of  life  :  it  is 
neceffary  that  this  orgarfized  matter  fliould 
be  adled  upon  by  powers  fuited  to  its  na- 
ture and  flru(5lure,  by  which  its  fenfations 
are  awakened,  and  every  part  is  excited  to 
a(5lion.  There  is  an  immutable  relation 
fubfifling  between  the  different  powers  or 
agents,  and  the  organized  bodies  upon 
which  they  operate,  depending  on  the  pe- 
culiar nature  of  their  organization.  Thefe 
powers  adl  nor,  or  at  leafh  a(5l  in  a  very  dif- 
ferent manner,  upon  inorganized  matter. 
Their  operation  continues  invariably  the 
fame-  upon  organized  fubftances  vvhile 
their  Itrudlure  remains  unimpaired  :  but 
if  the  organization  becomes  deranged  to 
a  certain  extent,  thefe  powers  afe  nojonger 
capable  of  producing  the  phenomena  of 
life ;  and  their  a6lion  is  precifely  the  fame 
as  upon  inorganic  matter. 

If  it  is  indeed  true  that  we  cannot  afcer- 
tain  the  caufe  why  organic  matter  is  fuf- 
ceptible  of  the  adlion  of  certain  agents;  if 

we 
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we  can  only  perceive  the  efFeds  of  thefe 
agents  upon  organized  fubftances,  but 
in^moft  inflances  cannot  difcover  the  mode 
of  their  operation;  and  if  we  can  only  efbi- 
mate  their  beneficial  or  injurious  powers, 
by  the  efFedts  which  follow  their  operation; 
it  mufl  remain  as  an  ultimate  facfi,  that 
the  fCifceptibility  which  we  obferve  in  the 
animal  body  to  be  excited  by  certain 
powers,  depends  upon  its  peculiar  orga- 
nization. 

The  capacity  which  the  body  pofTefles, 
of  being  excited  to  adlion  by  ftimuli,  has 
been  termed  the  principle  of  excitability. 
The  author  who  fii^ft  employed  the  *term 
affumed  it  as  an  ultimate  fa(5l :  and  fo  far 
was  he  from  endeavouring  to  explain  the 
caufe  of  that  excitability^  that  he  even 
deprecated  the  attempt  *.  This  however 
has  not  deterred  others  from  endeavouring 
to  afcertain  the  caufe  or  nature  of  that 
principle.  The  moft  remarkable  attempt 
of  this  kind,  is  that  lately  made  by  Dr. 
Girtanner  f.    It  is  generally  known,  that 

*  vide  Element.  Med.  Brun.  vol.  i.  p.  6. 
^  Vide  Journal  de  Phyfique. 
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the  leading  principles  of  this  gentlcman^s 
theory  are  borrowed  from  tlie  v^ritings 
of  the  late  Dr  Brown,  although  he  has 
not  acknowledged  the  fource  from  which 
they  were  derived.     To   the  theory  of 
Brown,  flightly  modified,  he  has  endea-  ) 
voured  to  apply  the  difcoveries  of  modern 
chemiftry.    By  a  variety  of  experiments, 
he  has  attempted  to  prove,  that  the  excita- 
bility of  the  animal  fyftem,  which  he 
choofes  to  ftyle  irritability,  is  entirely 
owing  to  the  "prefence  of  oxygene :  or  in 
other  words,  he  afferts  that  oxiygene  is  the 
principle  of  irritability.    By  the  accumu- 
*  lation  or  exhauftion  of  this  fubftance,  he 
endeavours  to  explain  the  mode  in  which 
the  various  agents  a6b  upon  the  body.  He 
has  indeed  almofl  folcly  applied  his  reafon- 
ing  to  the  mufcular  fibre,  which,  in  his 
opinion,  becomes  .more  or  lefs  irritable,  in 
proportion  to  the  quantity  of  oxygene  con- 
tained in  the  fyftem :  in  fhort^  all  the  phe- 
nomena of  life  appear  to  depend  upon  the 
prefence  of  this  fubftance.  Oxygene,  then, 
with  Girtanner, .  fupplies  the  place  of  the 
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vital  principle,  the  archaus^  the  animal  foul, 
or  the  vis  mcdicatrtx  natura  of  former 
theorifts.  The  new  theory  has  indeed  this 
advantage  over  the  old,  that,  inftead  Dt* 
vague  and  unmeaning  terms,  we  are  pre- 
iented  with  a  fubftance  with  which  we  dre 
in  fome  degree  acquainted,  and  which  really 
exifts  in  organized  matter ;  fo  that  the  prin-- 
ciple  of  life  is  here  attributed  to  lomething. 

We  may  readily  admit  that  many  of  Dt 
Girtanner's  experiments  upon  this  fubjedl 
are  ingenious,  and  his  reafoning  frequently 
plaufible  ;  yet  we  cannot  adopt  his  opi-^ 
nion  ;  nor,  in  offering  a  fufficient  refu^ 
tation  of  it,  will  it  be  necefTary  to  enter 
into  a  minute  examination  of  his  experi- 
ments, or  the  dedudlions  which  lie  has 
drawn  from  them.  A  few  general  obfer-* 
vations  will  fuiEciently  evince  that  hi^ 
theory  is  not  tenable.  I  obferve  therefore^ 
firft,  that  oxygene  is  indeed  known  to  be 
a  conftituent  of  animal  bodies;  and  it  may 
perhaps  be  received  into  the  fyflem  in  two 
ways :  by  refpiration,  and  in  the  aliment* 
Before  it  is  received  into  the  bodyj  and 
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aflimilated  to  the  fyftem,  in  whatever  form 
it  is  prefented,  it  cannot  be  the^  principle 
of  irritabiUty,  but  is  one  of  the  agents 
which  adls  upon  the  excitable  or  irritable 
principle.  After  it  is  affimilated  to  the 
body,  it  forms  only  one  of  the  confti- 
tuents  of  which  the  organic  matter  con- 
fifts  ;  and  it  is  undoubtedly  the  whole  or- 
ganic matter  which  is  the  fubjecl  of  exci- 
tation, not  merely  one  of  its  coilftituents. 

But,  fecondly,  if  it  is  alledged  that  life, 
and  confequently  the  capacity  of  being 
excited,  is  taken  away  from  organized 
fubftances,  by  the  with-holding  the  ne- 
ceffary  fupply  of  oxygene,  it  mnfl  be  re- 
membered,, that  the  fame  effect  is  pro- 
duced by  with-holding  any  other  of  thofe 
agents  which  produce  and  fupport  the 
phenomena  of  life  ;  fuch  as  heat,  aliment, 
&c.  We  might  therefore  as  well  fup- 
pofe  that  the  caloric,  or  matter  of  heat, 
the  earbone,  hydrogene,  or  azote,  which 
we  receive  in  our  aliment ;  I  fay,  we  may 
as  well  fuppofe  that  one  or  more  of  thefc 

tjiq  ^?:citable  principle,  as  oxygene. 
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And  laftly,  were  oxygene  indeed  the  ' 
-vital  principle,  the  fa<5l  is  not  proved"  by  ' 
thofe  experiments  which  Dr  Girtanner 
imagines  the  moft  completely  fatisfadlory, 
or  by  the  reafonings  which  he  feems  to 
think  abfolutely  decifive.    He  has,  with 
fome  propriety,  attempted  to  form  an  ar- 
rangement of  the  different  agents  which 
acl  upon  the  body  :  he  has  divided  them 
into  three  claffes.    The  firft  he  fuppofes 
to  have  the  fame  degree  of  affinity  to 
oxygene,  or  the  irritable  principle,  as  the 
organized  fibre  itfelf :  thefe  fubftances  he 
therefore  imagines  produce  no  effecl  uj^on 
the  fibre.  The  fecond  clafs  are  thofe  whick 
have  a  lefs  degree  of  affinity  with  oxiygene 
than  the  fibre  has  ;  and  which  will  there- 
fore part  with  oxygen'e,  and  furcharge  the 
fibre  with  it :   thefe  he  fuppofes  produce 
an  accumulation  of  the  irritable  principle;  ' 
and  the  fubllances  which  effe(5l  this,  he 
-  calls  negative  ftimuU.     The  third  claft 
contains  thofe ,  fubftances  which  have  a 
greater  affinity  to  oxygene  than  the  fibre 
itfelf  has,  and  which  will  confequently 
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deprive  it  of  oxygene,  and  produce  the 
Hate  of  exhaullion  :  thefe  fubftances  he 
calls  politive  fliinuli.  To  this  arrange- 
ment feveral  valid  obje(flijons  may  be  made; 
but  I  fliall  not  enter  upon  the  fubjecfl  at 
prefe'nt.  What  I  am  here  principally  con- 
cerned with,  is  the  application  which  he 
makes  of  his  experiments  and  reafonings 
on  the  two  laft  clafles,  the  negative  and 
pofitive  ftimuli,  in  fupport  of  the  opinion 
thkt  oxygene  is  the  irritable  prihciplje.  He 
aflerts  that  the  poiicive  ftimuli,  the .  moft 
powerful  of  which  he  ftates  to  be  alcohol, 
fulphuric  asther,  opium,  and  the  oleum 
lauro-cerafi,  deprive  the  fibre  of  oxygene, 
by  a(5lually  entering  into  combination  with 
it ;  and  he  fupports  this  opinion  by  che- 
mical fa(5ls,  which. are  in  themfelves  no 
doubt  perfedlly  jVft,  viz.  that  thefe  fub- 
^Hances  are  all  highly  combuftible ;  i.  e.  that 
they  have  a  great  afiinity  w^ith  oxygene. 
But  from  thefe  fadls  he  draws  a  conclufion 
whi(^h  is  -by  no  means  admiflibte,  viz.  that 
they  deprive  the  organized  fibre  of  its 
irritabihty,  by  entering  into  combination 


OF  ANIMAL  LIFE. 

with  the  oxygene  it  contains.  When  ani- 
mal life  is  deftroyed  by  any  of  the  po- 
litive  ftimuU,  he  alledges,  that  the  irri- 
tability of  the  moving  fibre,  in  every  part 
of  the  fyftem,  is  inftantaneoufly  taken 
away.  But  allowing  this  to  be  the  fadl,  it  is 
impoflible,  at  leaft  in  many  inftances,  that 
it  fhould  have  been.efFecfled  by  the  a(5lual 
combination  of  the  pofitive  ftimulus,  or 
combuflible  fub fiance,  with  the  whole,  or 
the  major  part  of  the  oxygene  contained 
in  the  body.  A  fingle  drop  of  the  oleum 
lauro-cerafi  received  into  the  flomach,  pro- 
duces immediate  death.  But  can  the  mofl 
credulous  believe,. either  that  the  drop  of 
oil  was  inftantaneoufly  changed  into-  fo 
minute  a  flate  of  divifion,  as  to'  be  diflri- 
buted  through  every  part  of  the  fyflem ; 
or  if  it  had,  that  it  could  attradl  and  be 
united  with  the  whole  oxygene  of  the 
body  ?  Will  chemical  experiment  prove 
this  ?  Quite  the  reverfe.  Let  us  fubjedl 
fuch  a  portion  of  the  oil  to  combuflj.on, 
let  us  oxygenj^te  it  in  the  highefl  pofTib'le 
degree,  and  we  fhall  find  that  the  quan- 
tity of  oxygene  with  which  it  will  unite, 

will 
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will  bear  a  very  inconfiderable  proportion 
to  the  quantity  contained  in  the  body  of 
an  animal,  the  life  of  which  may  be  de- 
ftroyed  by  a  fimilar  drop  of  the  oil. 

Upon  the  other  hand,  he  fuppofes  that 
the  negative  ftimuli,  as  he  terms  them, 
communicate  oxygene  to  the  mufcular 
fibre  :  among  theie  he  reckons  many  of 
,the  acids  and  oxydes  of  metals.    The  mod 
powerful  are  confequently  the  oxygenated 
acids,  and  thofe  metallic  oxydes  which 
moft  readily  part  with  their  oxygene.  Thus 
the  oxygenated  muriatic  acid ;  the  oxy- 
gefiated  metallic  falts,  as  the  oxygenated 
muriate  of  mercury;  and  the  oxydes  of 
arfenic,  mercury,  and  filver,  he  fuppofes, 
produce  injurious  effeds  in  proportion  to 
the  quantity  of  oxygene  they  contain, 
and  the  facility  with  which  they  part  with 
it.    By  communicating  their  oxygene,  he 
fuppofes  that  the  mufcular  fibre  becomes 
hyper-oxygenated.    But  here,  as  'in  the 
former  cafe  of  the  pofitive  ftimuli,  the 
caufe  is  by  no  means  adequate  to  the  fup- 
ppfed  effedl.    It  is  indeed  true,  that  mer- 
curial 
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curlal  and  filver  erodeiits  deftroy  the  or- 
ganization of  the^  part  to  whiek  they  are 
immediately  appHed,  ^  by  their  oxygene 
uniting  \yith  one  or  more  of  the  confti- 
tuents  of  the  animal  fubftance.  But  it  can- 
not be  admitted,  that  a  few  grains  pf  the 
white  oxyde  of  arfenic,.  or  the  pxygeiiated 
muriate  of  mercury,  can  poffibly  contain 
fuch  a  quantity  of  oxygene  as  will  induce 
death  by  a  hyper-oxygenation  of  the  fy  ftem. 
Dr  Gir tanner's  opinion  upon  this  fubjedl 
is  perha{)s  fufficiently  refuted  by  a  iingle 
viz.  that,  according  to  his  own  fup- 
pofition,  we  receive  into  the  body,  by  a  few 
infpirations,  a  greater  quantity  of  oxy- 
gene than  can  be  contained  in  the  fmall 
portions  of  the  mineral  poifons  ,we  have 
mentioned  which  are  fufEcient  to4)roduce 
death.  Why  then  is  not  the  fyftem  hyper- 
oxygenated  by  refpiration,  as  well  as  by 
thefe  deleterious  fubftances  ?  It  is  in  vain 
to  reply,  that  the  oxygene  received  by  re- 
fpiration, is  only  in  fuch  proportion  as  is 
immediately  neceffary  to  oxygenate  the  fyf- 
tenx.  For  the  queftion  here  depends  alone 
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Upon  the  quantity  of  oxygene  received  into 
the  fyftem  in  a  given  period :  and  it  is  evi- 
dent that  the  quantity  contained  in  fach  a 
portion  of  the  oxyde  of  arfenic  as  will  caufe 
death,  is  exceedingly  trifling.  At  any 
rate,  a  few  infpirations  of  pure  oxygenous 
gas  ought,  upon  this  principle,  to  be  equally 
deleterious  with  a  dofe  of  arfenic. 

By  the  term  irritable  principle,  as  We 
have  already  obferved,  Do6lor  Girtanner 
means  that  capacity  which  organized  mat- 
ter pofTelTes  of  being  adled  upon  by  various 
agents.  The  obfervations  which  we  have 
here  offered,  it  is  prefumed,  ftifficiently- 
prove,  that  in.  his  attempt  to  detedl  the 
principle  of  irritability,  he  has  not  been 
more  fuccefsful  than  his  predeceffors. 

That  the  excitability  of  the  body,  and 
its  various  parts,  depends  upon  a  peculiar 
"Organization,  feems  perfe6tly  clear;  and 
perhaps  a  further  knowledge  of  the  fubjedl 
is  beyond  the  power  of  human  refearch  : 
yet  we  would  not  wifli  to  be  underilood 
as  precluding  future  inquiry.  But  we 
may  be  aljowed  to  add,  that  forming  un- 
certain 
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fcertaln  hypothefes  upon  this,  o'r  any  other 
fubjed,  cannot  advance  the  intereft  of 
fcience. 

Quitting  then  the  vague  opinions  which 
have  been  held  concerning  the  principle 
of  animal  life,  vve  fhall  endeavour,  by  in- 
dudlion  from  the  fadls  w^hich  pafs  under 
our  obfervation,  to  afcertain  the  caufe  or  ' 
caufes  which  produce  the  phenomena  of 
life,  and  maintain  that  life  in  the  health- 
ful ftate. 

In  the  profecution  of  this  fubjedl,  we 
fhall  fir  ft  take  a  brief  view  of  the  ftruc- 
ture  of  the  animal  body,  chiefly  with  the 
defign  of  fliowing  that  a  fimilar  organiza- 
tion, under  various  modifications,  takes 
place  in  ^every  part. 

Secondly,  we  fhall.  endeavour  to  fliow, 
that  by  the  union  of  the  various  parts- of 
the  animal  body,  a  complete  and  indivi- 
fible  whole  is  formed,  fo  that  any  agent 
which  operates  upon  a  particular  part, 
muft  in  a  greater  or  lefTer  degree  afFedl'the 

whole. 
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Thirdly,  we  fliail  ofFer  fome  general  ob-' 
fervations  on  the  nature  of  excitability,  or 
that  principle,  which  appears  to  exift  in 
every  part  of  the  body ;  and  by  which  it  is 
rendered  fufceptibk  of  the  adtion  of  va- 
rious agents. 

And  laftly^  we  fhall  take  a  brief  view 
of  thofe  agents,  by  the  operation  of  which, 
upon  organized  matter,  the  phenomena  of 
life  are  produced  and  continued. 

In  the  courfe  of  our  obfervations  upon 
this  fubjedl,  we  muft  neceflarily  notice 
fome  of  the  caufes  that  are  injurious  to- 
health  ;  and  which,  operating  ta  a  certain 
degree,  deftroy  life.  The  agents  which 
are  neceifary  to  produce  the  phenomena  of 
life,  and  to  preferve  the  healthful  ftate, 
are  hjiturally  divided  into  two  kinds  ;  the 
external  and  internal.  It  is  to  this  point 
alone,  the  production  and  continuance  of 
life  in  the  healthful  ftate,  that  I  mean  to 
confine  myfelf  in  this  EfTay :  but  it  may  ber 
obferved,  that.in  taking  an  extenfive  view 
of  this  fubjedl,  it  would  be  proper  z&  con- 
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i^der  not  only  thofe  which  produce  life  and 
preferve  health,  but  thofa  which  are  direct- 
ly injurious  to  the  fyftem  ;  and  alfo  fuchas 
rqay  be  employed  to  counteracfl  the  effedls 
of  the  injurious  agents.  This  fubjedlis  ex- 
ceedingly complicated ;  and  it  is  difficult  to 
form  any  accurate  arrangement.  The  diffi- 
culty chiefly  arifes  from  the  very  different 
effedls  which  are  produced  in  the  animal 
fyftem,  by  the  adlion  of  various  propor- 
tions of  almoft  any  of  the  agents,  which 
are  capable  of  operating  upon  the  body* 
Thus  thofe  agents,  the  operation  of  which 
is  abfolutely  eflential  to  life  and  health, 
will,  when  a<^ling  with  too  great  force, 
induce  difeafe,  and  even  deftroy  life.  The 
adlion  of  the  fame  powers  alfo,  may  be  fo 
modified,  as  to  counteract  the  injurious 
effects  produced  by  their  own  operation, 
or  that  of  other  agent's.  In  like  manner, 
fome  of  thofe  agents,  the  adlion  of  which 
is  not  elTential  to  life,  and  which  are  able 
utterly  to  deftroy  the  organization  of  the 
body,  may,  when  ernployed  in  certain 
proportions,  reftore  the  fyftem  to  the  ftate 

of 
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of  health.  I  fliall  attempt,  however,  td 
form  an  arrangement  of  thefe  powers,  al- 
though, from  fhe  intricate  nature  of  the 
-fubje6l,  I  mufh  naecelTarily  expe6l  that  it 
may  be  liable  to  exceptions. 

We  may,  firft  mention  thofe  agents 
which,  whens  adling  in  jiifl  proportion, 
produce*' the  phenomena  of  life,  and  the 
healthful  ftate.  In  treating  on  this  clafs, 
it  is  neceffary  to  confider  the  injurious  ef- 
fedls  which  are  produced  by  the  fame 
powers  upon  the  organization,  when  act- 
ing in  an  improper  proportion.  We  have 
obfervedj  that  they  are  naturally  divided 
into  the  external  and  internal  agents.  The 
external  agents,  the  adlion  of  which  are 
effentially  requifite  to  the  production  and 
continuance  of  the  phenomena  of  life,  are 
heat,  air,  and  aliments  To  thefe  we*  may 
add,  light,  found,  and  the  qualities  which 
we  perceive  in  certain  bodies,  of  odour 
and  fapidity  ;  which,  though  perhaps  not 
abfolutely  effential  ta  animal  life,  yet  pro- 
duce very  powerful  effedts  upon  the  fyf- 
tem. .  Light  is  effential  to  the  healthful 
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ilnte  of  aim  oft  every  individual  of  the  ve- 
getable kingdom ;  and  is  perhaps,  in  the 
iame-view,  requifite  to  the  animal  oeco- 
nomy.  Sound  alfo  produces  very  powerful 
€fFed:s  upon  the  body.  It  is  one  of  the 
moft  important  agents  in  the  intercourfe 
of  mankind.  It  is  the  chief  mode  of  ^oni- 
munication  between  the  individuals  of 
all  the  nobler  fpecies  of  the  animal  king- 
dom, and  alio  affords  a  degree  of  in- 
tercourfe between  individuals  of  dif- 
ferent fpecies.  The  infltience  of  found 
upon  the  mental  powers,  produces  in 
many  cafes  the  moft  important  effecSls  up- 
on the  body. .  It  is  equally  obvious,  that 
the  qualities  of  odour  and  fapidity,  in  cer-^ 
tain  fubftances,  are  capable  of  exciting  the 
animal  fyftem  in  a  high  degree.  The  whole 
of  thefe,  therefore,  may  be  properly  con- 
fidered  .as  belonging  to  the  divifion  of  ex- 
ternal agents.  ' 

The  internal  agents,  the  operation  of 
which  are  efTential  to  the  production  and 
continuance  of  the  phenomena  of  hfe,  are. 
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the  blood,  the  fluids  fecreted  from  the 
blood,  the  intelledlual  fundions,  and  muC- 
cular  motion :  to  thefe  we  may  add  the 
^  fexual  intercourfe.  This,  though  not  cC- 
fential  to  life,  is  a  power  which  produces 
very  cpnfiderable  efFedts  on  the  organiza- 
tion of  almoft  every  individual  of  the 
fpecies.  When  confined  within  proper 
bounds,  it. is  perhaps  rather  conducive  to 
health,  than  injurious  to  the  fyftem  ;  and 
fhould  therefore  be  included  in  this  di- 
vifion. 

Several  of  thefe  agents  are  intimately 
conne(5ted  with  peculiar  functions  of  the 
body.  It  is  necejffary  therefore,  in  treat- 
ing upon  the  agents,  to  confider  thofe 
fundlions  in  which  their  adlion  is  pecu- 
liarly evident.  Thus,  when  treating  upon 
fLiVy  we  muft  neceffarily  confider  the  relpi- 
ratory  function  ;  and  the  confideration  of 
aliment  fliould  be  conibined  With  the  di- 
geftive  procefs. 

The  whole  of  this  clafs,  whether  exter^ 
n^]  or  internal  agents,  evidently  excite 

a(5tioa 
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aidlion  in  the  fyftem  at  large,  or  more  par- 
ticularly in  certain  parts :  it  is  plain  there- 
fore, that  they  pofTefs  ftimulant  powers  ; 
and  we  fhall  therefore  appropriate  ta 
them  the  terms  of  the  natural  or  healthful 
agents,  or  natural  ftimuli. 

A  fecond  clafs  of  agents  are  fuch  as  are 
capable  of  operating,  in  various  degrees,, 
upon  the  body ;  the  adlion  of  which,  in 
any  proportion,  generally  produces  inju- 
rious efFe(5ls,  inducing  the  morbid  ftate. 
The  powers  included  in  this  clafs,  operate 
in  various  degrees,  according  to  their  na- 
ture, the  degree  of  their  application  j  and 
the  ftate  of  the  body  upon  which  they 
adl.  The  mode  of  operation  in  different 
fubftances  of  this  clafs,  alfo  vary  exceed- 
ingly :  fome  of  them  excite  a6lion  in  the 
fyftem,  whilft  others  inftantaneoufly  de- 
ftroy  hfe.  We  -muft  conclude,  therefore, 
that  their  qualities,  and  mode  of  opera- 
tion, materially  differ.  In  this  clafs  we 
'  comprehend  the  v.arious  fpecies  of  conta- 
gion, as  of  the  fmall  pox,  meailes,  chin- 
cough,  typhus,  the  marfh  miafmata,  the  ^ 
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venereal  virus,  the  contagion  of  the  plague, 
the  azotic  gas,  and  the  various  fpecies  of 
poifons,  whether  animal,  vegetable,  or 
mineral.  It  mufl  be  admitted,  that  very- 
material  varieties  are  obferved'  in  the 
operation  of  different  powers  in  this  lift. 
The  contagion  of  the  fmall  pox,  for  ex- 
ample, excites  an  increafed  action  of  the 
fyflem  ;  whilfl  that  of  .the  marfli  miaf- 
mata,'  or  typhus,  diredlly  induces  an  uni- 
verfal  and  diredl  debility.  No  two  powers 
can  operate  in  a  more  oppolite  manner ; 
nor  can  their  ,  action  be' accounted  for, 
upon  the  fame  principle.  It  muft  be  re- 
gretted, that  the  difpute  relative  to  the 
ftimulant  and  fedative  effedls  of  many  fub- 
ilances,  has  degenerated  into  a  mere  logo- 
machy, in  which  both  parties  were  perfe6l- 
ly  agreed  as  to  fadls,  although  they  chofe 
to  difpute  about  words.  Many  of  the 
fubftances  which  have  been  included  in- 
the  lift  of  fedantia,  may  be  eafily  proved 
to  be  ftimulants.  But,  on  the  contrary, 
it  r(iuft  be  acknowledged,  that  the  con- 
clufion,  that  there  is  no  diredl  fedative  in 

nature, 
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nature,  was  too  haftily  drawn.  We  Ihall 
have  an  opportunity  of  illuflrating  this 
fubjedl  in  fome  of  th^  fubfequent  pages. 
As  thefe  agents  differ  in  their  qualities  and 
mode  of  operation,  we  may  apply  to  them 
the  general  term  of  morbid  agents  ;  or 
morbid  ftimuli  and,  fedatives. 

A  third  clafs  .of  fubftances  are  thofe 
which  are  not  natural  or  healthful  agents, 
but  which,  when  employed  in  juft  pro- 
portion, are  afcie  to  counter a6l  the  effedls 
of  the  rnorbid  agents.  Many  of  thefe  may 
indeed  be  included  in  the  lift  of  morbid 
agents ;  and  the  whole  of  them,  when 
acting  in  an  undae  proportion,  will  alfo 
produce  injurious  effedls  on  the  body. 

,This  lift  contains  the  whole  of  thofe  fub- 
ftances, which  can  be  employed  as  cura- 

'  tive  powers  in  the  various  difeafes  to 
which  mankind  are  fubje(5led.  A  confi- 
derable  proportion  of  this  clafs  are  un- 
doubtedly ftimulant :  and  probably  the  . 
greater  part  are  of  the  fame  nature.  As 
diftindive  appellations,  we  ftiall  apply  to 
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them  the  terms,  artificial  agents,  or  arti- 
ficial ftimuli,  and  fedatives. 
,  We  proceed  to  take  a  curfory  view  of 
the  ftrudlure  of  the  animal  body,  chiefly 
with  the  defign  of  Ihowing,  that  a,J(imilar 
organization,  under  various  modifications, 
takes  place  in  every  part. 

In  the  human  fyftem  we  .obferve  a  va- 
riety of  parts  formed  of  matter  appa- 
rently under  very  different  kinds  of  mo- 
dification. Thefe,  however,  conflitute  a 
whole,  the  different  parts  of  which  are ' 
fufceptible  of  various  degrees  of  impref- 
fio'ns  from  powers,  to  the  a(5lion  of 
which  they  are  fubjedled.  This  entirely 
arifes  from  the  mode  of  their  organizar 
tion  The  bones,  from  the  nature  of  their 
organization^  are  perhaps  lefs  fufceptible 
.of  the  action  of  powers  applied  to  them, 
than  any  other  part  of  the  fyftem  ;  they 
appear  defigned  to  form  the  bafis  of  the 
body ;  they  fujiport  the  foft  parts ;  they 
defend  and  contain  the  more  delicate  and 
noble  organs.  Though  liable  to  difeafe, 
they  are  not  fubje(5t  to  injury  like  the 

other 
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other  parts ;  and  even  after  death,  that 
rapid  and  fpontaneous  decompofition, 
does  not  take  place  in  them,  which  we 
perceive  in  the  reft  of  the  fyftem.  They 
may  be  expofed  for  ages,  without  lofing 
their  original  form ;  and  they  feem  to 
bear  a  confiderable  analogy  to  inorganized 
matter. 

Anatomical  refearch,  however,  fully 
proves,  that  bone  is  as  truly  organized 
matter,  as  any  other  part  of  the  body. 
This  indeed  is  a  conclufion  which  we 
might  have  drawn  a  priori^  from  the  con- 
fideration,  that  inorganized  matter  could 
not  poffibly  form  a  part  of  an  animated^ 
fyftem.  The '  anatomift  proves  the  trutli 
of  the  aiTertion.  He  fhows  that  the  bones 
are  fupplied  with  blood  vefTels,  as  well  as 
the  fleftiy  parts.  He  exhibits  their  ftruc- 
turef,  and  points  out  their,  periods  of 
growth  and  decay,  which  can  only  be  ef- 
fe(5ted  by  the  adlion .  of  depofiting  and  ab- 
forbing  veftels  ;  and  in  ftiort,  fully  proves, 
that  they  are  as  truly  organized  matter  as 
fhe  reft  of  the  body.'   But  their  organiza^' 
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tion  is  fo  conftituted,  as  to  be  exactly 
fitted  for  the  purpofe  they  are  deflined  to 
ferve. 

In  fa(5l,  we  obferve,  that  bones  are 
formed  of  a  fyftem  of  vefTels,  in  the  in- 
terftices  of  which,  a  feemingly  earthy 
matter,  lyiixed  with  mucus,  is  depofited. 
This  earthy  matter,  which  gives  hardnefs 
and  flrength  to  the  bones,  is  in  reaUfy  in- 
organized  and  dead  matter, — -a  true  phof- 
phate  of  Ume,  hable  to  no  alteration  when 
feparated  from  the  bo4y,  excepting  by  the 
operation  of  the  laws  of  chemical  attrac- 
tion. 

The  bones  are  alfo  fupplied  with  nerves. 
They  may  be  obferved,  in  fmall  threads, 
entering  into  the  fiibftance  of  the  bones. 
Small  nerves  may  alfo  be  feen  entering 
into  each  bone,  along  with  its  nutritious 
vefTels ;  and  in  fome  cafes  we  obferve 
them  pafhng  through  large  holes  in  bones, 
as  the  nerves  which  go  into  the  jaws  to 
fupply  the  teeth.  But,  notwithftanding 
that  anatomifts  can  demonftrate  the  exift- 
ence  of  nerves  in  the  bones,  yet  the  fa(5l 

has 
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has  been  doubted,  becaufe  the  bones  feem 
infenfible  to  pain.  It  is  true,  the  periof- 
teum  may  be  fcraped  from  a  bone,— a 
bone  may  be  cut  through,  as  in  amputa- 
tion, or  in  the  operation  of  trepanning, — 
or  cauftics  may  be  apphed  to  bone ;  and 
the  patient,  in  all  the fe  cafes,  fcarcely  feels 
any  pain.  It  muft,  however,  be  admit- 
ted, that- bone,  even  in  the  healthy  ftate, 
pofFelTes  a  low  degree  of  fenfibility.  Th^» 
a6lual  cautery,  which,  in  fprmer  periods, 
was  much  employed  by  furgeons,  is  known 
to  produce  a  fenfation  in  the  bone,  though 
faid  to  be  rather  pleafant  than  painful. 
This,  however,  is  a  fufficient  proof,  that 
the  bones  are  not  abfolutely  incapable  of 
feeling.  But  the  fenfibility  of  bone  is 
fufficiently  obvious  in  the  difeafed  ftate : 
Injuries  of  various  kinds  will  excite  in- 
flammation in  it,  as  well  as  in  the  fofc 
parts ;  and  we  obferve  the  fame  phenome- 
na produced  in  both.  An  increafed  de- 
termination of  blood  to  the  part  fweiling, 
a  fpongy  loofenefs  of  texture,  fuppuration, 
'  and  ulcer,  take  placejn  bone,  in  a  man^ 

uer 
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lifer  prqcifely  fimilar  to  what  we  obferve 
iii  the  foft  parts.  And  as  in  the  latter 
the  organization  is  deftroyed,  fo'  alfo  in 
the  former  we  obferve  the  bone  eroded, 
and  difcharged  by  ulceration.  During; 
the  progrefs  of  fuch  a  difeafe,  the  fenfi- 
bility  of  the  bone  is  aftonifhingly  in- 
creafed.  Thus  ifl  the  parts  which  pofFefs^ 
the  mofl  acute  feeling,  we  obferve  the  fen- 
fibiiity  ihcreafed  by  difeafe.  In  like  man- 
ner the  bones,  ligaments',  burfae,  and  other 
J)arts,  in  which,  durifig  health,  the  feeling, 
is  fcarcely  perceptible,  become,  by  difeafe, 
extremely  fenfible,  fo  as  to  give  the  mofl 
exquifite  pain  in  many  cafes,  fuperior  to 
what. is  experienced  in  a  fimilar  difeafe  of 
the  foft  parts. 

In  every  view  that  we  can  take  of  the 
fubjedl,  bone  appears  to  be  as  perfecflly 
organized,  matter,  as  any  other  part  of  the 
body.  It  receives  its  fhare  of  the  fan- 
guiferous  and  abforbent  veffels ;  it  is 
fupplied  with  nerves,  and  by  all  of  them 
is  immediately  and  intimately  conne(51:ed 
%Vith.  the  fyftetn  at  large.    It  is  produced 

by 
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by  the  animalizing  f  rocefs  ;  it  is  liable  to 
difeafe  and  death  ;  it  is  fufceptible  of  im- 
preffions  from  ftimuli ;  and  by  their  ope- 
ration is  excited  to  adlion,  ; 

Thus  the  bones  a^e  conftruded  upon  a 
plan  admirably  calculated  for  the  purpofe 
they  are  intended  to  ferve  in  the  body.  In 
order  to  give  them  hardnefs  and  inflexi- 
bility, they  are  chiefly  compofed  of  an 
earthy  fait.  This  fait  is  depofited  by  cir- 
culating veflels,  which  enter  their  fub- 
ftance  ;  and  when  it  has  remained  for  a 
certain  period,-  it  is  abforbed  and  carried 
out  of  the  fyftem  by  a  fet  of  veflels  des- 
tined for  that  purpofe.  Thus  a  continual 
depofition  and  abforption  is  going  on  in 
the  bones,  as  well  as  in  any  other  part  of 

•  the  body.  The  nerves  with  which  bone 
is  fupplied,  are  doubtlefs  intended  to  fup- 
ply  the  veflels  which  are  ramilied  through 
its  fubfl:ance ;  as  we  cannot  fuppofe  that 
they  have  any  ufe  with  refped:  to  the  in- 

'  organic  earthy  fait,  of  which  bone  is 
chiefly  fornied.  Upon  the  whole,  then, 
it  appears,  that  bone  muft  he  lefs  capable 
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of  fenfation,  and  lefs  liable  to  be  adecl 
upon,  than  perhaps  any  other  part  of  the 
body,  as  it  is  only  the  vellels ,  and  nerves 
which  belong  to  it  that  are  capable  of  fen- 
fation. ' 

Cartilage  poffefles  a  degree  of  organiza- 
tion fomewliat  interior  to  that  of  bOne. 
This  fubftance  is  interpofed  between 
bones,  particularly  at  the  joints,  with  the 
view,  it  would  feem,  of 'abating  fricflion, 
and  preventing  thofe  injuries  which  might 
be  expe(5led  from  the  collifion  of  the 
harder  bony  matter.  Hence  they  are-fo 
tonftituted  as  td  poffefs  a  degree  of  elaf- 
ticity,  by  which  they  yield  to  the  weight 
-  of  the  body,  and  are  reftored  to  their  ori- 
ginal fize  when,  that  weight  is  removed. 

Cartilage  was  at  one  time  fuppofed  to 
be  a  mere  concrete,  having  little  or  no 
cbnnedlion  with  the  other  parts  of  the 
fyftem,  except  by  mechanical  cohefion. 
But,  in  the  original  formation  of  bdne,  it 
appears  that  cartilage  is  organized  matter, 
and  as  truly  conne6led  with  the  fyftem  as 
any  other  part  of  the  animal.    Thus  we 

obferve, 
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observe,  that  the  bones  are  terminated  at 
their  articulations  by  a  thin  cartilage ; 
and  the  periofteum  is  extended  over  the 
furface  of  the  cartilage.  The  circular 
tion  in  cartilage  is  indeed  not  very  active, 
but  fufficient  to  preferve  it  in  the  living 
ftate.  Had  the  powers  of  life  been  confi- 
derable  in  cartilaginous  matter,  had  its 
feelings  been  .acute,  it  mull  have  produ- 
ced very  cohfiderable  inconveniencies  to 
the  animal :  it  would  have  been  liable  to 
frequent  inflammation,  and  other  difor- 
ders.  But,  having  received  a  peculiar 
mode  of  organization,  in  which  the  feel- 
ing is  obfcure,  and  the  excitability  dull, 
it  is  admirably  fitted  to  perform  all  the 
^notions  of  the  body,  and  is  fubjedled  to 
the  fridlion  of  the  joints,  without  being 
liable  to  injury. 

The  cell,ular  fubliance,  like  bone  and 
cartilage,  pofTeffes  a  low  degree  of  fenfa- 
,  tion,  and  its  e:5citability  is  obfcure.  This 
matter,  under  various  modifications,  is 
employed  to  unite,  cover,  and  defend  the 
other  parts  of  ch^  fyftem.  In  all  the  forms 
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in  which  it  fubfifls  in  the  body,  it  polTeiJcs 
little  fenfibility  ;  and  may,  when  compa- 
red with  the  mufcular  and  nervous  fohds, 
be  ahnoft  confidered  as  inanimate  matter: 
that  is,  when  in  the  healthy  flate,  like 
bone  and  cartilage,  its  excitability  is  in  a 
very  low  degree.  Both  mechanical  and 
chemical  ftimujants,  when  applied  to  it, 
give  hwt  little  fenfe  of  pain. 

Firft,  The  cellular  fubftatice  is  extended 
over  the  whole  body,  and  interpofcd  be- 
tween all- the  parts.  Formed  into  an  in- 
finite multitude  of  cells,  which  contain  fat 
and  a  thinner  fluid,  it  is  happily  conftrudl- 
ed  to.  allow  the  parts  to  glide  and  move 
eafily.  It  penetrates  into  the  mufclcs,  and 
keeps  their  fibres  at  a  proper  diftance,  fa 
that  the  acflion  of  each  may  be  duly  exert- 
ed. It  appears  alfo  to  fupport  and  lubri- 
cate the  mufcular  fibre,  infomuch  that  the 
ftrength  of  the  fyftem  in  health,  and  its 
weaknefs  in  difeafe,  have  been  fiippofed  in 
fome, degree  to  depend  upon  the  proper  or 
improper  fbate  of  the  cellular  matter.  It  has 
generally  been  imagined,  that  the  thinner 

fluid 
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fl\iid  contained  in  the  cells  is  defigned  to 
render  the  play  of  the  fibres  eafy  and  free ; 
and  that  the  fat  is  intended  tafupport  the 
fibres  in  their  adlion,  to  lubricate  ,  them, 
and  to  give  a  plumpnefs  to  the  body.  It 
has  alfo  been  fliggefted,  that  it  may  be  re- 
abforbed  jfor  various  ufes  in  the  fyllem.  It 
is  probable,  however,  that  the  febaceous 
matter,  like  the  pliofphate  of  lime  in  the 
bones,  can  only  be  applied  to  its  proper 
ufes  in  the  fyftem  for  a  certain  period. 
By  degrees  it  becomes  unfit  for  the  pur- 
pofes  of  the  animal  economy.  It  is  fecre- 
ted  and  depofited  in  the  cells,  and,  when 
reaj^forbed,  is  probably,  with  other  excre- 
mentitious  matter,  thrown  out  of  the  fy- 
ftem. 

Secondly,  A  modification  of  the  cellu- 
lar fubftance  is  employed  asia  covering  to 
the  bones.  The  periofteum,  as  it  is  called, 
appears  to  be  a  condenfation  of  the  cellu- 
lar fubftance  applied  in  fucceffivo  layers, 
fo  as  to  produce  a  thick  membrane,  which 
conveys  the  blood-veflels,  &c.  to  the 
bones. 

Thirdly, 
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Thirdly,  The  tendons  of  the  mufcles 
are  producecl  by  a  mere  continuation  of 
the  periofteum,  from  which  they  are  evi- 
dently derived,  and  not  from  the  mufcles, 
a^  the  old  anatomifls  imagined. 

Fourthly,  The  tendinous  matter  fome- 
wliat  differently  modified,  fo  as  to  form  a 
thin  membranous  flieet,  is  employed  to 
cover  the  mufcles  forming  the  vaginae 
or  fafcias  of  the  ^ufcles.  The  cellular 
fubflance  which  lies  under  the  fafcia, 
and  which  immediately  furrounds  the 
mufcle,  appears  to,  be  only  more  loofely 
attached  laminse  of  the  fafcia.  It  is  from 
the  fafcia  that  the  cellular  matter  is  deri-^ 
ved  which  penetrates  into  the  mufcles. 

Fifthly,  The  periofteum,  formed  into  a 
thicker  membrane,  and  ftrengthened  by 
the  adhefion  of  furrOunding  parts,  is  em- 
ployed for  the  capfules  of  the  joints. 

Sixthly,  The  burfae  mucofe  derive  their 
origin  from  the  fame  fubftance.  The 
burfse  are  formed  in  thofe  parts  where  a 
tendon  plays  over  a  bone.  The  upper  fur- 
face  of  the  burfa  is  formed  by  the  tendon 

itfelf; 
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itfelf — the  lower  furface  of  the -fame  bur  fa 
is  produced  from  the  periofteum  of  the 
bone ;  —  and  the  lides  of  the  burfa  are 
formed  by  the  common  cqHular  fubftance. 
The  burfai  mucofae  and  capfular  ligaments 
do  not  materially  differ  in  their  nature. 
They  contain  precifely  the  fame  kind  of 
liquor,  and  they  frequently  communicate 
•with  each  other  *. 

Thus,  under  a  variety  of  modifications, 
the  cellular  fubftance  is  applied  to  many 
ufeful  purpofes  in  the  fyftem.  It  joins  the 
bones  to  each  other,-— it  unites  the  muf^ 
cles  to  the  bones, — it  gives  fecurity  and 
firmnefs  to  their  motions, — by  the  fluids 
which  it  contains,  it  lubricates  the  joints 
and  mufcular  fibre, — and  it  is  further  em- 
ployed to  give  a  plumpnefs  and  agreeable 
fhape  to  the  limbs. — For  all  thefe  purpofes ' 
it  appears  to  be  peculiarly  fitted,  by  pof-  ' 
feffing  a  degree  of  fenfibility  mugh  infe- 
rior to  that  of  the  more  important  parts 
of  the  fyftem. 

*  Vid.  Mr,  John  Bell's  Anatomy  of  the  Bones, 
Mufcles,  and  Jointp. 

Under 
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Under    all   the   modifications  which 
we  have  now  mentioned,  cellular  fub- 
llance  appears  to  have  few  blood-vefTels, 
and  no  nerves ;  at  leait  no  nerves  are  vi- 
iible.    But  we  muft  conclude,  that  the 
few  blood-veffels  which  convey  nutrition 
to  the  cellular  fubftance  muft  be  accompa- 
nied with  nerves,  however  minute.  .  And 
the  feeling  which  can,  by  difeafe,  be  awa* 
fcened  in  ihefe  parts,  muft  lead  us  to  in- 
fer, that  they  are  in  fome  degree  fup- 
plied  with  nerves  ;  as  we  cannot  conceive 
that  fenfation  can  be  produced,  except  by 
thie  agency  of  nerve.    The  paucity,  how- 
ever, of  blood-veflels  and  nerves  in  the 
cellular  fubftance,  fufficiently  evinces,  that 
thefe  parts  can  be  little  fufceptible  of  the 
adion  of  "ftimuh  ;  and  tlie  facl  which  we 
thus  difcover  from  the  ftru6lure  of  the 
'  parts,  is  ftrikingly  evidenced  by  experiment. 
Under  all  its  different  modifications,  cellu- 
lar fubftance  in  the  healthy  ftate  appears 
to  be  infenlible  to  the  action,  both  of  me- 
chanical and  chemical  ftimulants.  The 
tendons  of  animals  have  been  cut  and  pier- 
^  ced 


OF  ANIMAL  LIFE. 


41 


ced, — tliey  have  been  , pinched  and  torn, 
— the  adual  cautery,  as  well  as  the  chemi- 
cal, have  been  applied,  without  inducing 
the  leaft  indication  of  pain  in  the  animal 
fubjedled  to  the  experiment.,  The  moft 
violent  chemical  ftimuli  have  been  applied 
to  the  various  parts  of  a  joint,  without 
producing  any  appearance  of  an  uneafy 
fenfation.  In  like  manner,  in  chirurgical 
operations,  the  various  modifications  of 
the  cellular  fubftance  may  be  operated  up- 
on without  producing  any  degree  of  pain 
to  the  patient.  Nay,  it  appears  that  little 
pain  is  induced  by  the  accidental  lacera- 
tion of  the  ligaments  and  tendons.  We 
cannot  indeed  fay  that  thefe  parts  are  en- 
tirely without  feeling.  Their  fenfibility  is 
indeed  dull.  They  receive  the  impreC- 
fions  of  fllmuli  very  flowly  ;  but  when, 
by  difeafe,  the  organization  of  the  part 
is  deranged,  the  feeling  is  aflonifhingly 
increafed,  and  the  patient  fuffers  a  more 
acute  pain  than  what  we  obferve  in  almoft 
any  other  part  of  the  fyflem.  One  thing, 
however,  is  obvious,  the  organ  of  fenfa- 
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tion  in  thefe  parts  muft  be  precifel/  the 
fame  as  in  the  reft  of  the  body.  It  is  only 
to  the  nerves  that  we  can  afcribe  this 
quaUty.  They  may,  in  the  cellular  fub- 
ftance,  during  the  ftate  of  health,  be  pe- 
culiarly flieathed  and  defended  from  im- 
prelTions  to  which  they  become  expofed 
when  the  organization  of  the  part  is  inju- 
red by  difeafe. 

In  the  mufcular  and  nervous  fibre,  we 
perceive  the  powers  of  life  exerted  with 
much  greater  activity  ttan  in  thofe  parts 
which  we  have  hitherto  noticed  ;  or,  more 
properly  fpeaking,  mufcular  and  nervous 
£bre  are  mueh  more  fufceptible  ,bf  the 
a6lion  of  ftimuli,  than  bone,  cartilage,  or 
cellular  fubftance.  It  is  by  impreilions 
upon  thefe,.  by  the  operation  of  various  a- 
gents,  tli^at  every  power  of  the  body  is  a- 
wakened  and  called  into  a6lion. 

The  mufcular  and  nervous  fyftems  ap- 
pear to  be  fo  intimately  conneded,  that 
fome  phyfiologifts  have  imagined  that  muf- 
cular fibre  is  a  mere  continuation  of  the 
nervous  matter.  Anatomy  inftantly  re- 
futes this  opinion  :  The  nerves  enter  into 

the 
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the  mufcles  in  every  poffible  diredlion ; 
and  we  may  trace  their  branches  and  ra- 
mifications perfectly  diftincSl  from  the  ■ 
mnfcular  fibre.  -  We  cannot  indeed  trace 
their  courfe  to  their  termination,  becaufe 
they  become  deprived  of  their  external 
coats,  mere  medullary  matter  remains, 
and  difappears  among  the  mufcular  fibres. 
It  is  perhaps  ftill  more  clear,  that  mufcu- 
lar fibre  is  not  a  continuation  of  nerve, 
becaufe  mufcles  in  the  limbs  of  animals 
do  not  diminilli  in  magnitude,  although  , 
the  nerves  entering  thele  mufcles  have 
been  cut  through  for  a  confiderable  pe-?^^'^'^ 
riod.  Yet  there  certainly  exifts  an  inti- 
mate and  univerfal  connedlion  between 
the  mufcular  fibre  and  the  nerves  ;  be- 
caufe neither  the  one  nor  the  other  can 
be  adled  upon  by  any  ftimulus,  without 
the  whole  body  being  aflfedled  in  a  great- 
er or  leffer  degree,  according  to  the  nature 
of  the  part,  and  the  powers  of  the  ftimu- 
lus applied.  We  find  then  that  both  muf- 
cular and  nervous  fibre  are  fufceptible  of 
impreffions  from  ftimuli :  Bat  it  i$  alfo 
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true,  that  the  efFedls  produced  on  thefc 
two  fubftances  in  fome  refpedls  vary* 
Thefe  diiFerences  will  appear  from  the 
Ihort  account  which  we  fhall  here  give, 
beginning  with  mufcular  fibre. 

Every  diftindl  mufcle  is  formed  of  a 
congeries  of  longitudinal  fibres,  which  are 
conne6ted  together,  as  we  have  already 
hinted,  by  the  cellular  fub (lance.  They 
are  extended  from  bone  to  bone,  and  from 
part  to  part,  fo  as  to  form  an  almofl  uni- 
verfal  covering  to  the  bones,  and  are  at 
the  fame  time  the  inltruments  by  which 
all  the  motions  of  the  bones  are  perform- 
ed. Each  congeries  of  mufcular  fibre  ap- 
pears diftin(5l  from  the  reft,  being  termi- 
nated at  its  origin  and  infertion  by  its  pro- 
per tendons,  which,  as  we  have  faid,  are 
a  modification  of  the  cellular  fubftance. 
Thofe  mufcles  which  are  not  inferted  into 
any  of  the  bones,  as  the  fphindters  and 
mufcular  membranes  of  the  vifcera  and  vef^ 
fels,  have  commonly  no  tendons.  Thofe, 
again,  the  origin  and  infertion  of  which 
are  on  different  bones,  and  in  the  more 
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moveable  extremities^  afe  generally  fup- 
plied  with  long  tendons,  which  pafs  round 
the  joints  and  heads  of  the  bones  to  be  in- 
serted in  the  more  moveable  part.  But 
however  diftindl  the  different  mufcles  ap- 
pear, there  is  an  univerfal  connedlion, 
which  depends  upon  the  univerfal  diftri- 
bution  of  the  nerves  ;  one  or  more  of  which 
enter  into  each  mufcle,  and  thus  form  an 
indivifible  whole. 

The  mufcles  are  alfo  abundantly  fup* 
plied  with  arteries  and  veins,  which  enter 
within  the  cellular  coat  that  furrpunds 
the  mufcvilar  fibres,  and  running  in  com- 
pany with  each  other,  are  fubdivided,  and 
form  a  kind  of  reticular  work.  From  the 
fmaller  of  thefe  veffels  a  vapour  and  fe- 
baceous  matter  are  fecreted  into  the  cellu- 
lar fubftance,  ^  and  which  are  again  ab- 
forbed  by  lymphatics,  the  prefence  of 
which  is  alfo  perfedlly  obvious,  both  on 
the  furtace  and  in  the  fubftance  of  the 
mufcles.  The  ultimate  fibres  of  the 
mufcles  appear  to  be  fmall  foft  threads  : 
When  fubjedled  to  the  microfcope,  they 
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exhibit  a  kind  of  wave  or  zigzag  appear- 
ance. •  This  form  has  l)een  attributed  to 
th&  impreflions  made  by  the  velTels,  cellu- 
lar fubftance,  and  nerves  upon  the  fibre. 
The  learned  ProfefTor  of  Anatomy  in  this 
Univerfity  has  however  demonflrated  a  fi- 
iTiilar  appearance  in  the  tendons  and 
nerves;  and  he  is  'of  opinion,  that  thefc 
undulations  are  a  kind  of  folds  or  joints, 
which  ferve  to  accommodate  the  parts  to 
the  difFerent  ftates  of  flexion  and  extenfion. 
In  proof  of  this,  he  obferves,  that  thefe  ap- 
pearances are  only  prefent  when  the  parts 
are  in  a  relaxed  ftate,  and  that  they  entirely 
lofe  it  when  much  flretched. 

Many  opinions  have  been  entertained 
with  refpe(5l  to  the  flrudlure  of  the  muf- 
cular  fibre  :  It  has  been  fuppofed  that  they 
are  folid  ;  again  it  is  faid  that  they  are 
hollow,  being  formed  of  a  feries  of  veflels 
or  rhomboidal  chains  communicating 
with  each  other  ;  and  laftly,  it  has  been 
alledged,  th?it  they  are  full  of  a  kind  of 
down  or  woolly  fubftance.  The  fadl  can- 
not be  determined  by  the  eye  or  the  mi- 
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crofcope,  and  therefore  I  conceive  it  not 
,  worth  while  to  engage  in  the  difpute.  In- 
deed, as  far  as  we  can  difcover,  the  muf- 
cular  fibre,  when  wafhed  from  the  blbod 
contained  in  the  velTels  which  accompany 
it,  appears  a  white  foft  fohd. 

Thefe  delicate  fibres,  formed  into 
bundles  of  different  magnitudes,  and  va- 
rioufly  difpofed, — fupplied  with  blood- 
vefTels  and  abforbents, — -joined  together, 
and  fupported  by  cellular  fubftance, — and 
united  together,  fo  as  to  form  one  grand 
fyftem,  by  the  diftribution  of  nerves,  are 
defiined  to  perform  the  mod  important 
offices  in  the  body.  Every  motion  is  pro- 
duced  by  their  operation.  They  poffefs  a 
kind  of  contradtile  power,  by  which  they 
are  fitted  to  propel  the  blood  from  the 
heart,  and  diredl  its  courfe  through  all 
the  numb^rlefs  channels  in  which  it  flows 
throughout  the  body.  They  produce  the 
adlion  of  the  lymphatics,  by  which  ab- 
forption  is  carried  on  ; — by  their  energy, 
every  fecretion  and  excretion  of  the  fyJp- 
tern  is  performed  j — the  important  func- 
tion 
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tion  of  refpiration  depends  upon  their  ex- 
ertion ; — and  they  effe(5l  the  various  mo- 
tions of  the  body,  which  are  of  fo  much 
utility  in  the  different  avocations  of  life. 
To  render  them,  capable  of  producing 
thefe  effe(5ls,  they  are  in  a  high  degree 
endowed  with  that  fufceptibility  of  the 
a<5lion  of  flimuli,  upon  which  the  com- 
mencement and  continuance  of  life  de- 
pends. 

We  are  next  to  diredl  our  attention 
more  particularly  towards  the  Nervous 
Syftem. 

The  brain,  or  that  mafs  which  fills  the 
^  cavity  of  the  cranium,  is  at  once  the  ori- 
gin and  point  of  union  to  the  whole  ner- 
vous fyftem.  This  general  mafs  is  di- 
vided into  three  particular  portions, — the 
cerebrum, — the  cerebellum, — and  the  me- 
dulla oblongata ;  and  a  continuation  of 
the  latter  forms  the  medulla  fpinalis^ 
which  fills  the  cavity  of  the  vertebrae. 
This  organ,  and  the  various  branches  de- 
rived from  it,  form  one  of  the  moft  im- 
portant parts^of  the  animal  oeconomy.  It 
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is  efTential  to  all  the  nobler  fpecies  of  ani- 
mals ;  but  its  importance  is  mqre  peciili- 
arly  evident  in  man  tlian  in  any  other. 
In  the  human  race,  it  bears  a  much  larger  //^^ 
.  proportion  to  the  fize  of  the  animal  than^ 
in  any  of  the  inferior  orders.   The  nerves, 
which  form  the  various  organs  of  fenfa- 
tion,  and  upon  which  ultimately  the  acr 
tion  of  mufcular  fibre  depends,  Jlre  deri- 
ved from  the  brain  in  the  inferior  animals, 
as  well  as  in  man ;  but,  from  the  much 
larger  fize  of  this  organ  in  the  latter,  it  ap- 
pears deftined  to  perform  fome  other  and 
more  important  purpofes  in  him  than  in  the 
former.    The  whole  of  the  nerves,  it  has 
been  obferved,  bear  but  a  fmall  propor- 
tion to  the  mafs  of  medullary  fubftance 
,  contained  in  the  brain,  being  at  leaA  an 
hundred  times  as  large  as  the  diameters  of 
all  the  nerves  of  the  head  and  fpinal  mar- 
row.   It  does  not  appear  that  the  large 
fize  of  the  brain  gives  to  man  more  acute 
fenfations,  or  a  greater  power  to  produce 
mufcular  motion,  than  other  animak  pof- 
fefs,  in  which  the  brain  is  proportionally 
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miich  lefs.    Thus,  as  Dr  Monro  has  ob^ 
ferved,  the  brain  of  a  large  ox  has  been 
found  to  weigh  not  more  than  one  fourth 
part  of  the  humari  brain,  whilft  the  weight 
of  the      was  probably  fix  times  greater 
than  that  of  the  man    or  the  brain  of  the 
man  was,  in  proportion  to  his  weight, 
twenty-four  times  heavier  than  that  of 
the  ox.    At  the  fame'  time,  the  nerves  of 
the  mufcles  of  an  ox  are  in  their  fize  pro-, 
portioned  to  the  bulk  of  the  animal's 
mufcles,  and  thpfe  of  the  drgans  of  fenfa- 
tion,  as  the  eye  and  nofe,  are  propor- 
tioned to  the  extent  of  thefe  organs.  Thus 
the  plfaftory  nerve  of  an  ox  is  many 
times  larger  than  that  of  a  man.  Again 
we  obferve,   that  three  fourths  of  the 
nerves  originate  from  the  medulla  fpinalis ; 
yet  it  is  only*  a  fmall  part  of  the  brain 
which  is  elongated,  and  pafles  down  the 
vertebral  canal.    We  have  reafon  there? 
fore  to  cqnclude,  that  to  give  origin  to  the 
nerves  is  not  the  fole  ufe  of  the  brain : 
it  is  the  feat  of  intelled  :  the  medium 
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by  which  imprellions  made  on  the  organs 
of  fenfation  are^conveyed  to  mind. 

The  whole  of  the  nerves,  then,  arife 
from  one  common  fource  ;  and  the  brain 
mufl  be  confidered  as  tl\e  central  point  at 
which  they  all  uriite.  Arifing  from  this 
point,  they  are  tranfiiiitted  to  every  part 
of  the  body, — they  are  interwoven  in  e- 
very  organ  of  fenfation^— every  mnfcle, 
veffel,  and  bone,  and  thus  unite  the  vari^ 
ous  parts  fo  as  to  conftitute  an  uniform 
fyftem.  PofTeffed  of  a  peculiar  organiza- 
tion, by  which  they  are  highly  fufceptible 
of  impreflions  from  various  ftimuli,  they 
receive  irapreffions  on  every  part,  which 
appear  to  be  inftantaneoufly  tranfmitted 
to  the  central  point,  the  cenforium  com- 
mune. Hence  it  is,  that  the  adlion  of  a 
ftimulant  upon  a  particular  part  does 
not  afFedl  that  part  only  to  which  it  is  ap- 
plied, but  operates  in  a  greater  or  lefTer 
degree  upon  the  whole  fyftem.  Minute 
anatomy  evidences,  by  an  infinite  variety 
of  circumftances,  the  peculiar  fitnefs  of 
the  brain  and  nervous  fyftem  for  produ- 
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cing  thefe  effeds.  We  muft  not  here  en- 
ter into  a  particular  defcription  of  the  a- 
natomy  of  thefe  parts  ;  but  we  lhall  en- 
deavour to  illuftrate  the  fubjeft  by  a  few 
general  obfervations  on  the  ftru6lure  of 
the  brain'  and  nerves,  and  the  diftributioa 
of  the  latter  through  every  part  of  the 
body. 

Wc  have  obferved,  that  the  brain  is 
formed  of  three  portions,  the  cerebrum, 
cerebellum,  and  medulla  oblongata,  to 
which  a  fourth  may  be  added,  the  me- 
dulla fpinalis.  The  whole  of  thefe  are 
covered  by  their"  peculiar  membranes, 
the  pla  mater  and  dura  mater.  Thefe 
ferve  for  their  protection,  and  to  convey 
blood- velFels  for  their  nourifhment  and 
fupport.  'The  brain  is  fupplied  with  nu- 
merous blood-vefTels  from  the  carotid  and 
vertebral  arteries  ;  ,and  by  the  many  con- 
volutions which  they  make  before  they 
pafs  through  the  dura  mater,  and  the  vaft 
number  of  communicating  branches  into 
which  they  are  divided  in  the  pia  mater, 
and  its  procelTes,  it  appears,  that  the  blood 
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muft  move  more  flowly  and  equally  in 
thofe  veffels  than ,  in  thofe  of  oth;er  parts. 
We  may  alfo  add,  that  the  arteries  in  o- 
ther  parts  are  in  fome  degree  a6led  up- 
on by  the  labouring  mufcles,  and  the 
prelTure  of  the  atmofphere,  by  which 
the  blood  is  propelled  with  additional 
force.  But  the  arteries  which  fupply  the 
brain,  after  they  enter  the  cranium, 
are  not  fubjedted  to  the  operation  of  thefe 
powers.  We  obferve  then,  in  this  diftri- 
bution  o^  the  blood- veffels  of  the  brain,  a 
piovifion  made  againfl  thofe  injuries  which 
muft  have  infallibly  taken  place  in  fo  , deli- 
cate an  organ,  if  it  had  been  poffible  for 
the  blood  to  have  been  driven  into  it  with 
great  violence.  A  very  confiderable  quan- 
tity of  blood  is  tranfmitted  to  the  brain, ' 
— it  is  derived  from  trunks  which  /arife- 
.  near  the  heart -and,  according  to  t;he  o- 
pinion  of  Haller,  a  fixth  part,  or,  as  Dr 
Monro  fuppofes,  ilot  lefs  than  a  tenth 
part  of  the  circulating  mafs,  is  tranfmitted 
to  the  brain.  From  the  ample  fupply  of 
this  fluid  which  the  brain  receives, ,  it  ap- 
pears 
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pears  that  perpetual  and  important  changed 
take  place  ;n  the  fubftajace  of  the  brain 
and  nerves,  as  well  as  in  other  parts. 

The.  cerebrum,  cerebellum,  and  fpinal 
marrow,  are  naturally  divided  into  the 
external  part,  the  cortex  or  cineriti- 
ous  fubflance,  and  the  -internal  part,  or 
medullary  matter.  The  minute  branches 
of  the  blood-veffels,  by  the  a0iftance  of 
inje6lions  and  the  microfcope^  are  found 
to  pafs  from  the  pia  mater  into  the  corti- 
^cal  part  in  vaft  numbers  ;  in  fact,  it  ap-. 
pears  to  be  almoft  wholly  formed  of  vef- 
fels  ;  but  into  the  medullary  fubflance  we 
only  obferve  longitudinal  veffels  entering. 
The  veins  which  return  the  blood  from 
the  brain  are  of  a  peculiar  ftrudlurfe,  evi- 
dently defigned  to  facilitate  that  return. 
Their  coats  are  of  peculiar  ftrength  :  they 
form  innumerable  anaftomofes  with  one 
another ;  and  when  colle(5led  fo  as  to  form  - 
confiderable  trunks,  they  are  lodged  in  ca- 
nals, which  prevent  them  from  being  fub- 
je£ted  to  comprefTion.  A  provifion  there- 
fore is  evidently  made  to  prevent  an  inju- 

rioys 


OF  ANIMAL  LIFE. 

rious  accumulation  of  the  blood  in  this 
organ.  It  has  been  doubted,  whether  the 
brain  is  fuppUed  with,  lymphatics  ?  They 
may  certainly  be  demonflrated  upon  the 
pia  mater;  and, from  analogy  drawn  from 
every  other  part  of  the  body,  we  can  ' 
fcarcely  fuppofe  that' the  brain  is  deftitutc 
of  lymphatics.  Indeed  modern  phyfiolo- 
gifts  in  general  admit  the  exiftence  of  lym- 
phatics in  the  brain. 

From  the  blood-vefTels,  as  we  have  al- 
ready hinted,  the  cortical  part  of  the  brain 
receives  its  origin.    Anatomical  injecflions 
'  fully  prove,  that  the  greater  part  of  it  con- 
fifls  of  vefFels  which  are  inferted  from  the 
fmall  branches  of  the  pia  mater.  Thefe'  vef^ 
fels,  however,  in  the  natural  ftate,  do  not 
convey  red  blood,  but  a  thinner  fluid ;  al- 
though in  fome  difeafcs,  and  in  death  by  - 
flrangling,  particularly  in  brutes  and  birds, 
the  red  blood  is  propelled  into  them.  No 
anatomifl  has,  indeed,  fucceeded  in  filling 
every  portion  ^  of  the  cortex  with  inje(5led 
.  matter ;  yet  it  is  probable,  that  it  is  alto- 
gether vafcular.    We  obferve  no  difniwi" 
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larity  of  parts  in  it  when  in  the  entire  or 
natural  date,  fo  that  we  cannot  imagine 
that  it  is  partly  vafcular  and  partly  folid. 

As  the  cortical  fubftance  originates  from 
the  vefTels  of  the  pia  mater,  fo  the  white 
medullary  matter- is  derived  from  the  cor- 
tex. The  continuity  of  the  medulla  with 
the  cortex,  is  diftindlly  feen  by  the  nlicro- 
fcope,  and  may  even  be  obferved  by  the 
nak;ed  eye.  Minute  portions  of  the  me- 
4ulla  may  be  obferved  proceeding  from 
the  cortex;  and  its  gradual  increafe  may 
be  traced,  becoming  more  broad  and  abun- 
dant till  it  makes  up  the  whole  oval  fedtion 
of  the  brain,  and  is  bounded  only  by  the 
convolutions  of  the  cortex. 

The  medulla  is  extremely  foft,  and  of  a 
fibrous  texture.  The  fibres  are  vifible  in 
feveral  parts  of  the  human  brain,  and  ftill 
more  evidently  in  the  brains  of  fillies, 
efpecially  iji  their  thalami  optici.  The 
fibres  of  the  medullary  fubftance  are  fim- 
ply  extended,  fo  as  to  form  the  white  fi- 
brous cords  which  are  diftributed  to  every 
part  of  the  body,  and  which  are  univer- 


OF  ANIMAL  LIFE. 

lally  termed  the  nerves.    That  the  fibres  ■ 
of  the  nerves  are  merely  a  continuation  of 
thofe  of  the  medulla,  is  diftindlly  feen  in 
the  feventh,  fourth,  and  fifth  pairs  of 
nerves. 

The  nerves,  then,  are  compofed  of  ma- 
ny fibrous  threads,  lying  parallel,  or  near- 
ly fo,  to  each  other,  as  they  fhoot  off  from 
the  medulla.  At  the  origin  of  mod  of  the 
nerves  within  the  flcull,  this  fibrous  tex- 
ture  is  perceptible :  and  in  the  cauda  equi- 
na of  the  fpinal  marrow,  they  may  be  di- 
vided into  threads,  fo  exceedingly  minute, 
that  they  are  fcarcely  vifible  to  the  naked 
eye  :^  yet  even  thefe  fibres,  when  exami- 
ned w^ith  a  microfcope,  appear  to  be  form- 
ed of  a  confiderable  number  of  fibrils, 
much  more  minute. 

It  is  perhaps  not  poffible  to  eftimate  the 
fize  of  the  fmalleft  of  thefe  fibres.  Were, 
the  nerves,  which  are  divided  over  the 
whole  body,  conjoined  into  a  cord,  the  dia- 
meter would  not  be  an  inch ;  yet  even  the 
mod  minute  part  of  the  body  is  fenfible : 
and  this  mull  depend  on  each  particular 

H  point 
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point  being  fapplied  with  nerve.  We  miifl 
therefore  be  convinced,  that  the  nervous 
fibrils  are  adonifliinglj"  fmall.  Nay,  it 
has  been  demonftrated,  from  the  extreme 
minute  portions  of  m-atter  which  are  vifi- 
ble  to  the  fight,  that  each  fibre  in  the  re- 
tina of  the  eye  cannot  exceed  in  diameter 
the  thirty-two  thoufand  four  hundredth 
part  of  a  hair. 

The  medullary  matter,  of  which  the 
nervous  fibrils  are  formed-,  is  exceedingly 
delicate  and  foft.  They  are  therefore  con- 
nedled  together  by  cellular  fub fiance,  and 
protected  from  injury  by  coats  formed  of 
the  dura,  and  pia  itiater.  Thefe  nervous, 
cords  are  fo  liberally  fupplied  with  blood- 
veflels,  that  when  their  arteries  only  are 
injedled,  the  -whole  cord  appears  to  be 
tinged  with  the  colour  of  the  injeded  li- 
quor. 

The  nerves,  after  being  given  out  by 
the  brain  or  fpinail  marrow,  are  generally, 
lilce  the  blood-velTels,  divided  into  bran- 
ches :  but  they  pafs  off,  or  feparate,  from 
each  other  in  acute  angles,  and  often  in  a 

retrograde 
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retrograde  direction.  The  fibrils  of  the 
nerves,  however,  are  not  fplit  at  thefe  di- 
vifions  fo  as  to  form  finaller  threads  ;  l^ut 
the  original  fibres,  continued  from  the 
brain  itfelf,  recede  from  each  other  by 
an  opening  of  the  cellular  fubflance  by 
which  they -are  united:  fo  that,  after  the 
nervous  fibril  has  left  the  brain,  it  ap-^ 
pears,  in  fad:,  to  undergo  no  change. till 
its  ultimate  termination.  The  nervous 
,  cords  generally  appear  to  grow  fofter  du- 
ring^their  courfe,  till 'at  length,  at  their 
termination,  they  feem  to  be  loft  in  a 
mucus  or  pulp.  Hence  it  has  been  fup- 
pofed,  that  during  their  progrefs  they  de- 
pofit  the  coats  which  they  had  received 
,  from  the  pia  and  dura  mater ;  and  that, 
to  be  capable  of  fenfatioji,  or  the  other 
purpofes  which  the  nerve .  is  to  efPedl  in 
the  fyftem,  it  is  neceffa  ^  that  the  medul- 
lary part  fliould  be  laid  perfedlly  bare  at 
its  termination.  It  is,  however,  alledged 
by  Dr  Monro,  that  every  filament  of  a 
•  nerve  retains,  at  its  terrnination,  a  cover- 
ing of  the  pia  mater,  by  the  vefilels  of 
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which  it  is  noiiriflT.ed  and  prefervcd  in 
that  ftate,  upon  which  the  faculty  of  re- 
ceiving impre{rions,  and  the  power  of  ac- 
tion, depend. 

In  fome  inftances  we  obferve  different 
nerves  uniting  fo  as  to  form  one  cord  ; 
this,  in  fome  meafure,  refembles  the  inof- 
culations  which  take  place  in  the  fangui- 
ferous  fyflem.  After  fuch  an  union,  we 
frequently  find,  particularly  >  in  thofe 
which  are  diftributed  to  the  bowels,  a 
hard  knot  is  formed, "  confiderably  larger 
than  the  nerves  which  are  thus  united  in- 
to a  cord.  Thefe  knots  ^  are  generally 
termed  ganglions  :  They  have  thicker 
coats,  and  are  more  liberally  fupplied  with 
blood-veffels  than  the  nerves.  Dr  Monro 
obferyes,  that  they  are  full  of  nervous  fi- 
brilli,  intermixed  with  a  yellowifli  or  red- 
difli  bro\^n  fubflance,  fomewhac  fimilar 
to  the  cortical  fubflance  of  the  brain. 
Hence  he  fuppofes,  that  they  are  fources 
of  nervous  matter  or  energy. 

Derived  from  this  origin,  (the  brain), 
we  find  forty  pairs  of  nerves  diflributed 

through 
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through  the  body,  viz,  ten  which  imme- 
diately proceed  from  the  encepha}on,  and 
thirty  which  pafs  off  from  the  medulla 
fpinalis.  Of  thefe  we  find  four  proceed- 
ing immediately  from  the  brain,  which 
are  deftined  to  receive  various  impreflions 
from  external  objects,  by  which  the  fenfa- 
tions  of  fight,  hearing,  fmell, ,  and  tafte 
are  produced.  The  reft  are  diftributed  to 
the  various  mufcfes,  and  extended  on  the 
furface  of  the  body,  effedling  the  motion 
of  the  mufcular  folid,  and  producing,  in^ 
every  part  of  the  fyftem,  by  impreflions 
from  different'  fubftances,  that  fenfation 
which  we  call  feeling.  To  whatever  pur- 
pofe  the  nerve  is  applied,  whether  to  re- 
ceive fenfation,  or  to  excite  motion,  we 
do  not  perceive  any  difference  in  its  ftruc- 
ture  ;  it  is  in  every  inftance  formed  of  the 
fame  foft  medullary  fibre.  We  perceive, 
indeed,  the  optic  nerve,  at  its  termina- 
tion, is  extended  into  a  delicate  web,  which 
covers  the  furface  of  the  eye.  The  portio 
mollis  alfo  of  the  auditory  nerve,  is  ex- 
tended in  a  very  foft  pulpy  form  on  the 

inner 
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inner  camera  of  the  ear ;  but,  excepting 
thefe  two,  we  obferve  no  variations  in  the 
external  appearance  of  the  nerves  at  their 
terminations  :  Nor  do  we  difcover,  even 
in  thefe,  any  peculiarities  of  firucflure,  by 
which  we  can  be  able  to  affign  a  reafon 
why  the  pne  fliould  receive  the  i'ays  of 
light,  refledled  from  furrounding  bodies, 
by  which  the  fenfation  of  fight  is  produ- 
ced ;  or  why  the  other  fhould  be  affedled 
by  percuffions  of  the  air,  fo  as  to  com- 
municate the  different  fenfations  of  found. 
We  obferve,  indeed,  that  feveral  of  the 
nerves  which  are  defigned  to  communicate 
particular  fenfations  to  the  mind,  are  fur- 
nifhed  with  peculiar  apparatus.  Such,  we 
obferve  in  the  wonderful  flrudlure  of  the 
eye ;  and  in  the  flriking  contrivance  exhi- 
bited in  the  veftible,  cochlea,  and  femieir- 
cular  canals  of  the  ear.  That  thefe  appa- 
ratus are  effentially  -requifite  to  enable  the 
nervous  matter  to  receive  particular  fenfa- 
tions, cannot  be  doubted :  But  it  mufl  re- 
mainas  a  queflion  which  probably  will  never 
be  determined,  whether  the  medullary  mat- 
ter 
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ter  itfelf  does. not  undergo  fome  modlfica-  , 
tion)  by  which  it  is  fitted  refpedively  to 
receive  imprellions  from  Hght,  found,  odo- 
rous or  fapid  fubftances  ; — to  diftinguifli 
the  nature  of  other  fubftances  by  what 
we, call  feeling, — or  to  excite  the  mufcular 
a(flion.  Whatever  may  be  in  this,  we 
are  certain,  that  fenfatisn  altogether,  and 
mufcular  motion  in  a  great  meafure,  are 
produced  by  the  operation  of  various  a- 
gents  upon  the  nervous  fyfhem.  If  a 
nerve  is  irritated,  acute  pain  is  induced; 
and  in  proportion  to  the  number  of  nerves 
with  which  any  part  of  the  bod.y  is  fup- 
plied,  it  i^  pofTefTed  of  a  greater  or  leflTer 
fenfibility.  Thus,  in  the  eye  and  the  pe- 
nis, which  are  plentifully  fupplied  with 
nerves,  the  feeling  is  extremely  acute ; 
and  the  tendons,  ligaments,  bones,  and 
car;:llages,  into  which  few  nerves  enter,' 
have  in  the  found  fhkte  little  or  no  fenfa- 

tion.    But  if,  -  on  the  other  hand,  the 

* 

communication  between  the  fentient  ex- 
tremities of  the  nerves  and  the  fenforium 
commune  is  obflrudled,  as  by  the  divifion 

of 
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of  the  nerve,  the  fenfation  of  the  part  be- 
yond the  divifion  is  entirely  deftroyed. 

Having  thus  taken  a  curfory  view  of 
the  various  parts  of  which  the  body  is 
compofed,  and  having  briefly  pointed  out 
the  refpe(5live  ufes  of  each,  we  proceed, 
fecondly,  to  iliow,  that  by  the  union  of 
the  various  parts  'bf  the  animal  body,  a 
complete  and  indivifible  whole  is  formed, 
fo  that  any  agent'  which  operates  upon  a 
particular  part,  muft  in  a  greater  or  leffer 
degree  afFecl  the  whole* 

By  the  union  of  the  various  parts  of  the 
animal  body,  an  indivifible  organic  fyflem 
is  conilituted.-  While  'this'  organization 
fubfilts,  and  the  proper  powers  a6l  vipon 
it,  life  continues;  and  the  living  principle 
is  precifely  the  fame,  one  and  undivided, 
in  eyery  part  of"  the  fyflem.  This  unity, 
as  we  have  already  faid,  is  efFe(5led  by  the 
tiniverfal  dillribution  of  the  nerves  to 
every  part  of  the  hod,y.  It  is  impoflible 
to  account  for  the  effects  produced  by  the 
a6tion  of  all  or  any  one  of  thefe  powers, 
which  are  capable  of  operating  upon  the 

body. 
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body,  excepting  from  this  facft,  that  it 
forms  an  indivilible  whole.  As  this  is  a 
point  of  confiderable  .importance  in  phy- 
iiology  and  the  pra(fl:ice  of  medicine,  it  is 
proper  to  illuftrate  it,  by  mentioning  a  few 
fad:s,  which  fully  prove  that  no  power 
can  operate  upon  any  part  of  the  body 
.  without  producing  fimilar  effe(5ls  in  a 
greater  or  lefTer  degree  throughout  its 
whole  fubftance.  And  firft.  If  a  ftimulus 
is  applied  to  any  part'  of  the  fyftem,  the 
whole  is,  in  a  certain  period,  brought  in- 
to the  fame  ftate  as  the  part  to  which 
the  ftimulus  was  diredlly  applied.  The 
adlion  of  the  ftimulus  is  indeed  firft  ex- 
erted on  the  organization  of  the  part  to 
which  it  is  immediately  applied;  and  if  it 
is  of  that  ,clafs  of  ftimuli,  which  produces 
a  temporary  energy  in  the  fyftcm,  as  al- 
cohol or  opium,  we  find  that  vigour  is  in- 
duced, or  the  adlion  of  tht  fyftem  is  firft 
excited  in  that  part  to  which  the  applica- 
tion of  the  ftimulus  is  made  ;  but  in  a 
ftiort  period  the  fame  energy  is  produced 
throughout  th/e  fyftem.   On  the  contrary, 

I  if 
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if  any  power  which  is  capable  of  produ- 
cing a  debilitating  effedl  is  applied  to  a 
particular  part,  debility  is  immediately 
produced  in  that  part ;  but  it  will  quickly 
^  be  extended  in  a  certain  degree  over  the 
whole.  It  is  true,  every  part  of  the  body 
is  not  equally  fufceptible  of  the  adlion  of 
ftimuli.  The  brain  and  the  ahmentary 
canal,  for  example,  are  more  powerfully 
a6led  upon  by  a  given  ftimulus  than  the 
furfacq  of  the  body.  But  this  does  not  a- 
rife  from  any  elFential  difference  in  the 
organization  of  thefe  various  parts,  by 
which  the  former  are  fufceptible  of  the 
a(5lion  of  the  ftimulant,  and  the  latter  not; 
for  they  are  all  capable  of  receiving  a  fi- 
milar  imprefTion,  though  differing  in  de- 
gree. It  apfes  then  merely  from  the  or- 
ganizadon  on  the  fuperficies  of  the  body 
being  fo  modified  as  to  render  it  lefs  fuf^ 
ceptible  of  the  adion  of  ftimuli  than  the 
brain  or  ftomaph.  The  fame  reafoning 
applies  to  all  the  varieties  which  wc  ob- 
ferve  in  the  a<5tion  of  different  powers, 

whether 
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whether  the  healthful  or  the  morbid,  up-, 
on  various  parts  of  the  body. 

The  uility  of  the  fyflem  is 'again  fuffi- 
ciently  proved  by  the  effedts  produced  by 
a  debilitating  power  being  applied  to  any 
part  of  the  body.  We  obferve  thefe  efFedls 
moft  ftrikingly  in  perfons  whofe  organi- 
zation is  delicate  and  feeble.    In  thefe  the  » 
application  of  fuch  debilitating  ~  powers 
will  produce  deliquium  animi.    Thus  cer- 
tain odours  will  induce  this  effedl.  A  blow 
on,  or  ftrong  compreflion  of  the  points 
of  the  fingers,  will  alio  induce  deliquium 
animi.    In  fome  inftances,  the  continued 
operation  of  thefe  powers,  and  perhaps  in 
all,  if  the  degree  of  their  action  is  fome- 
what  increafed,   life  will  be  deflroyed. 
Upon  the  other  hand,  if  the  vital  func- 
tions have  not  been  too  long  fufpended, 
the  application  of  a  gentle  ftimulus  to  any 
part  of  the  body,  will  reproduce  the  exer- 
cife  of  thefe  functions.    This  fympathy, 
which  we  obferve  in  all  thefe  cafes  be- 
tween the  various  parts  of  the  body,  can- 
not be  accounted  for '  except  we  admits 

I  2  thas 
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that  throughout  the  fyftem  there  is  a 
famenefs  of  flrudlure,  and  univerfal  unity 
of  fubftance  ;  fo  that  if  any  part  be  afiecl- 
ed,  the  whole  fyftem  mufl  more  or  lefs 
fufiPer,  in  proportion  to  the  degree  in 
which  the  injurious  power  operates. 

The  indivifibility  of  the  body  is  farther 
proved,  by  the  phenomena  of  various  dif- 
eafes.  Thus  vomiting  is  frequently  pro- 
duced by  the  prefence  of  biliary  concre- 
tions in  the  gall  du(5ts,  or  by  calculi  in 
the  kidneys,  ureters,  or  bladder  of  urine. 
This  fympathy,  fubiifting  between  the 
ftomach  and  the  part  to  which  the  irri- 
tating fubftance  is  applied,  can  only  be 
explained  upon  the  principles  which  we  > 
have  juft  ftated., — So  alfo  injuries  received- 
by  the  head,  frequently  produce  vomit-' 
lAg,  and  fpafms  of  the  mufcles  in  the  op- 
pofite  fide  of  the  body  to  that  upon  which 
the  injury  was  applied;  which  ftridlly 
proves,  that  the  brain  is  an  indivifiblc 
mafs,  and  that  all  the  nerves  are  merely  a 
continuation  of  it. — Spafmodic  afFedlions 
alfo,  of  many  of  the  voluntary  mufcles, 

often 
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often  occur  during  fevere  vomiting  and 
purging. — In  like  manner,  a  wound  in 
any  of  the  extremities,  and  even  in  the 
moft  diflant  part  of  an  extremity,  will 
produce  a  locked  jaw.  The  whole  of 
thefe  effects  can  only  be  accounted  for, 
on  the  fuppofition,  that  by  the  univerfal 
diflribution  of  the  medullary  fibre,  every 
part  of  the  body,  is  united,  fo  as  to  confti- 
tute  an  indivifible  whole. 

This  fubjedl  may  be  farther  illuftrated, 
by  the  effecfls  produced  on  the  -  body  by 
the  operation  of  the ,  more  powerful  ar- 
ticles of  the  Materia.  Medica.  A  large 
doze  of  opium^  taken  into  the  ftomach, 
will  entirely  deftroy  fenfibility  in  every 

'  part,  and  quickly  produce  death ;  and 
the  fame  fubftance,  when  employed  in  a 
proper  quantity,  will  procure  an  abate- 

*  ment  of  pain  in  the  moft  diftant  parts, 
and  will  remove  a  fpafmodic  affedtion  of 
all  or  any  mufcle  of  the  body. — It  may 
be  added,  that  a  given  quantity  of  opium, 
injedled  into  the  redlum,  will  not  produce, 
the  fame  q^qOl  in  relieving  painful  fenfa- 

tions, 
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tions,  or  in  removing  fpafm,  as  if  it  had 
been  received  into  the  flomach.  We  have 
already  afligned  the  caufe :  — The  organi- 
zation of  the  re(5lum  does  not  effentially 
differ  from  that  of  the  ftomach,  but,  from 
its  pecuHar  modification,  it  is  not  fo  fuf- 
ceptible  of  the  a(5lion  of  flimuH  as  the  in- 
ternal furface  of  the  flomach.  But  a 
fufficiently  large  doze  of  opium  inje(5l- 
ed  into  the  re(5lum,  would  a^  infalli- 
bly deftroy  life,  as '  a  fmaller  when 
received  into  the  ftomach.  Nor  are  the 
deleterious  effecfls  of  opium,  or  any  o- 
ther  fubftance,  produced  by  thefe  mat- 
ters being  applied  to  every  part  of  the 
fyftem,  but  merely  by  their  adlion  upon 
any  part  of  the  organized  matter.  It  was 
indeed  at  one  time  a  generally  received 
opinion,  that  no  article  whatever  could 
produce  death,  linlefs  it  entered  the  gene- 
ral maf#  of  circulating  fluids,  and  was  by 
that  means  conveyed  to  every  part  of  the 
body,  or  at  leaft  to  the  nobler  parts.  But 
we  have  the  moft  demonftrative  evidence, 
that  thefe  deleterious  effeds  are  produced 

without 
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without  a  particle  of  the  poifbnous  mat- 
ter  being-  mixed   with  the  circulating 
:fluids.    Thus,  if  the  fciatic  nerve  of  a 
frog  is  laid  bare,  and  a  folution  of  opium 
is  applied,  the  life  of  the  animal  is  imme- 
diately deftroyed. — Now,  if  the  fame  ex- 
periment is  performed  upon  a  frog,  the 
heart  of  which  has  been  previouily  cut 
out,  fo  that  the  circulation  is  entirely  in- 
terrupted, the  fame  effedl  will  be  produ- 
ced.    This   experiment   affords  a  clear 
proof  that  the  poifon  was  not  conveyed 
by  the  circulating  fluids.    We  have  alfo 
formerly  noticed,  that  inftantaneous  death 
is  produced  in  the  ftrongeft  man  by  a 
fingle  drop  of  the  oleum  laaro-cerafi  be- 
ing received  into  the  ftomach ;  and  in 
this  cafe,  neither  the  quantity  of  matter 
received,  nor  the  period  required  to  pro- 
duce death,  will  permit  the  fuppofition, 
either  that  the  poifon  has  been  received 
'  into,  or  that  it  is  tranfmitted  by  the  cir- 
culating fluids.     We  mufl:  be  fatisfied 
that  the  poifon'  adls  upon  that  part  of  the 
organized  Tubfl;ance  with  which  it  is  im- 
mediately 
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mediately  in  contadl,  and  that  its  effecfls 
are  tranfmitted  with  fuch  aftonifliing  ce- 
lerity through  every  part  of  the  fyftem, 
becaufe  that  fyftem  is  perfedly  indivi- 
fible. 

The  influence  of  the  mental  energy  up- 
on all  the  voluntary  mufcles,  aiFords  ano- 
ther clear  proof  of  the  indiviiibility  of  the 
body.    The  detenlfiination  of  the  mind  to 
perform  a  particular  acSlion,  is  frequently 
inftantaneous ;  and  no  fenfible  point  of 
time  intervenes  between  the  mental  de- 
termination,   and  the  mufcular  motion 
by  which  the  a6lion  is  performed.  In 
fome  inftances,   the  effe(5l  fo  inftantan- 
eoufly  accompanies    the  .  determination 
of  the  will,   that  we  are  almoft  ready 
to  afcribe  it  to  a  mechanical  operation, 
rather  than  to  mental  volition.  Thus, 
the  motion  of  the  Ijmbs  in  dancing,  is  fo 
perfec^lly  fynchronous  with  the  found  of 
the  mufic,  that  we  can  fcarcely  obferve 
any  exertion  of  the  mental  faculty.  ,  Yet 
in  this  cafe  we  eafily  perceive  that  the 
found  muft  have  adled  upon  the  auditory 

nerve, 
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nerve,  —  the  fenfation  mufl  have  been 
tranfmitted  to  the  fenforium  commune, — 
and  the  determination  of  the  will,  in  con- 
fequence  of  this  fenfation,  muft,  in  the 
order  of  things,  have  preceded  the  muf- 
cular  motion.  In  the  order  of  time,  how- 
ever, we  cannot,  by  the  moft  accurate 
examination,  perceive  that  the  found  of 
the  mufic  precedes,  in  the  leaft  degreCj 
the  laft  efFed:' prodded,  viz.  the  motion 
of  the  limbs.  Can  we  poflibly  account 
for  the  inftantaneous  effedl  produced  on 
the  bodily  organs  by  the, mental  decifion, 
except  on  the  principles  here  dated  ? 

As  a  laft  and  equally  decifive  proof  of 
the  indivifibility  of  the  body,  we  may 
mention  that  relation  which  fubfifts  be- 
tween it  and  the  paftions  of  the  mind.  A- 
greeable  paflions,  or  the  paffions  reftrain- 
ed  within  moderate  bounds,  produce  the 
fame  beneficial  e^edls  upon  the  body  as 
the  other  healthful  or  natural  ftimuli. 
But  when  thefe  are  excited,  to  a  confider- 
able  degree,  fo  as  to  produce,  for  example, 
exceflive  joy  ox,  extreme  grief,   we  find 
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that  their  efFeds  are  as  injurious  to  the 
body  as  the  irioft  powerful  external  a- 
gents,  producing  various  eSeds,  as  de- 
bility, mania,  and  even  death,  in  propor- 
tion to  their  nature,  and  the  degree  of 
their  action ;  on  the  contrary,  if  the  or- 
ganization of  the  body  is  confiderably  af- 
fedled,  a  mental  imbecility,  or  a  total  de- 
rangement .  of  the  mental  functions,  not ' 
unfrequently  follo^.^.  Thefe  fadls  fuffi- 
ciently  fhow  the  intimate  connedtion 
which  fubfifts  between  the  mental  func- 
tions and  the  bodily  organization  ;  and 
afford  no  indecifive  proof,  that  the  organi- 
zed matter  of  animal  bodies  muft  be  con- 
fidered  as  forming  an  indivifible  fyftem. 
And,  as  we  have  already  faid,  •  while  this 
organization  continues,  and  the  proper 
powers  2L&.  upon  it,  life  continues,  an4 
the  living  principle  is  precifely  the  fame, 
and  undivided  in  every  part  of  the  fyf- 
tem. 

The  human  body  then,  although  made 
up  of  parts  that  are  feemingly  diffimilar, 
particularly  with  regard  to  ftrudure,  ap- 
pears 
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pears  to  be  a  complete  whole ;  and  each 
of  thefe  parts,  from  the  peculiar  modifi- 
cation of  its  organization,  is  admirably- 
fitted  for  performing  the  purpofe  to  which 
it  is  deftined.  The  bones,  cartilages,  and 
the  cellular  fubftance,  are  lefs  fufceptible 
of  the  adlion  of  ftimuli  than  the  mufcu- 
'  lar  and  nervous  fibre.  Thefe  laft  form 
the  mod  important  parts  of  the  body,  and 
upon  them  the  adlion  of  every  power ,  is 
moft  eminently  exerted.  At  the  fame  time, 
no  agent  can  operate  upon  any  part  of  the 
body,  whatever  may  be  the  pecuHar  mo- 
dification of  organization  in  that  part, 
without  the  whole  being  ultimately  affedl- 
ed. 

We  go  on,  thirdly,  to  offer  fome  gene- 
ral obfervations  on  the  nature  of  excitabi- 
lity ;  or  that  principle  whi)ch  appears  to 
exift  in  every  part  of  the  body,  and  by 
which  it  is  rendered  fufceptible  of  the  ac- 
tion of  various  agents* 

The  fubje6l  of  animal  life  is  a  fimple 
uniform  organized  body.  But,  as  we  have 
faid,  no  mode  of  organization  whatever 
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is  fufficient  to  produce  th^  phenomena  of 
life,  unlefs  certain  peculiar  agents  operate 
upon  this  organization  :  and  thefe  agents 
miift  be  accommodated,  both  in  their 
quality,  and  in  the  degree  of  their  opera- 
tion, to  the  peculiar  ftru6ture  of  the  orga* 
nized  fubftance.  Thus  life  is  produced 
and  continued  by  the  healthful  or  natural 
ftimuli  a(5ling  in  due  proportion.  By  to- 
tally abftra(5ling  all  or  any  of  thefe  ftimuli, 
or  by  their  acting  in  too  great  a"  degree, 
the  fundlions  of  life  are  impaired,  and  at 
length  totally  deftroyed.  By  the  action 
of  any  of  the  morbid  ftimuli,  health  is  in- 
jured; and  when  they  operate  to  a  certain 
extent,  the  powers  of  life  are  entirely  ex- 
tinguifhed.  Again,  when  injurious  ef- 
fects have  been  induced  by  the  abftrat^lion 
or  too  forcible  operation  of  the  natural 
llimuli,  or  by  the  a(5lion  of  the  morbid 
ftimuli ;  thefe  injurious  efFedls  may  be  ob- 
viated, and  the  health  of  the  fyftem  refto- 
red,  by  employing  the  artificial  ftimuli  in 
due  proportion.  Thefe  fa(5ls  fully  prove 
that  the  phenomena  of  life  are  produced 

by 
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by  the  operation  of  certain  agents  upon 
organized  matter.  The  phenomena,  from 
the  prefence  of  which  we  can  iftfer  the 
exiftence  of  animation  or  Jife,  are,  in  the 
inferior  orders  of  animals,  fenfation  and 
motion.  In  man,  we  may  add  to  th^fe, 
th^  exercife  of  the  mental  fundlions.  Yet 
if  none '  of  thefc  are  prefent,  we  cannot 
abfolutely  conclude  that  life  is  extinguifh- 
ed,  while  no  material  alteration  has  taken 
place  in  the  bodily  organization.  Daily 
obfervation  furniflies  ,us  with  many  fadls 
that  prove  the  poflibility  of  producing 
the  phenomena  of  life,  after  they  have 
been  fufpended  for  a  longer  or  fhorter  pe- 
riod. But  the  fame  fadls  alfo  furnifh  the 
moft  decifive  evidence  that  this  reproduc- 
tion of  life  is  folely  effedled  by  the  adlion 
of  ftimuli  upon  the  bodily  organization* 
In  the  partial  and  very  temporary  fufpen- 
lion  of  the  vital  fundtions  during  deli- 
quium  animi,  we  fee  an  example  of  the 
organization  being  fo  far  injured,  as  not 
to  be  fufceptible  of  the  adlion  of  the  ordi- 
nary healthful  flimuli.    In  thefe  cafes,  the 

reprodudlion 
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reprodudion  of  all  the  vital  fundions  is 
at  leaft  facilitated  by  employing  fome  of 
the  more  powerful  of  the  artificial  ftimuli. 
Again,  in  that  fufpenfion  of  the  vital 
fundlions,  for  a  longer  or  fliorter  period, 
produced  by  fubmerfion,  we  obferve  the 
phenomena  of  life  to  difappear,  fimply  by 
the  abftra6lion  of  the  ftimulus  of  air.  This 
is  one  of  the  natural  ftimvili,  the  perpe^tual 
adlion  of  which  (on  principles  which  we, 
are  fhortly  to  explain),  is  neceflary  for  the 
continuance  of  life.  This  ftimulus  may 
be  abftradled  for  a  certain  time,  without 
the  organization  undergoing  any  material 
alteration.  When  the  body  is  taken  out 
of  the  water,  it  is  indeed  incapable  of  be- 
'  ing  adled  upon  by  the  ordinary  healthful 
ftimuli  :  and  if  the  artificial  ftimuli,  in 
various  modes,  are  not  employed,  the  dif- 
ferent animal  fundlions  will  no  more  be 
called  into  adlion.  In  this  cafe,  the  re- 
produdlion  of  the  phenomena  of  life,  evi- 
dently depends  upon  the  adliori  of  ftimuli. 
It  deferves  here  to  be  remarked,  that  one 
of  the  moft  important  of  thefe  is  the 

artificial 
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artificial  introduclion  of  one  of  the  natu- 

r 

ral  ftimuli,  viz.  air,  into  t[he  liMigs.  Per- 
haps the  moft  important  agent  iii  thefe 
cafes,  in  reftoring  the  tone  of  the  fibre,  fo 
as  to  render  it  capable  of  being  a<5led  up- 
on by  the  healthful  ilimili,  is  heat.  Ani-i 
mal  heat  is  chiefly,  if  not  wholly,  fupplied 
by  the  refpiratory  funcSlion :  and  if  refpi^ 
ration  has  been  too  long  obflrudled  by 
fubmerfion,  or,  in  other  words,  if  the  fli- 
mulus  of  heat  has  been  too  long  abflrac- , 
ted  from  the  animal  body ;  we  find  the 
organization  is  fo  much  deranged,  that  it 
is  no  longer  fufceptible  of  the  adlion  of  the 
mofl  "powerful  ftimuli,  whether  natural  or 
.  artificial ;  and  the  powers  of  life  are  for 
ever  extinguiflied. 

That  the  produdlion  of  the  phenomena 
of  life  depends  upon  the  adlion  of  ftimuli 
upon  the  bodily  organization,  may  be 
further  illuftrated,  by  many  experiments 
which  have  been  made  upon  organized 
matter,  even  after  the  fundlions  of  life 
'  have  ceafed.  Thus  we  find  that  the  muf^ 
cular  fibre,  even  when  feparated  from  the 

fyflem, 


8o         CAUSES  AND  PHENOMENA 

fyftem,  may  be  excited  to  adion,  by  me- 
chanical and  chemical  ftimuli,  for  a  con- 
fiderable  length  of  time  after  the  appa- 
rent death  of  the  animal,  or  after  the  fe- 
paration  from  the  fyftem  of  the  particular 
portion  of  mufcular  fibre  upon  which  the 
experiment  is  performed.    It  was  indeed 
formerly  fuppofed,  that  this  property  of 
,  being    excited  to  adlion  after  apparent 
death,  was  confined  to  the  mufcular  or 
irritable  fibre :  but  the  influence  recently 
difcovered   by   Galvani,    clearly  fhows 
that  the  medullary  fibre  alfo  is  fufcep- 
tible  of  the  action  of  ftimuli  after  the 
fun<5tions  of  life  have  apparently  ceafed. 
In  the  experiments  upon  animal  eledlri- 
city,  as  it  has  been  improperly  called,  it 
is  fufficiently  plain,  that  two  or  more  me- 
tals, when  brought  into  contadl,  are  capa- 
ble of  producing  a  peculiar  and  powerfully 
ftimulating  efFe(5l  upon  the  organs  of  fen- 
fation  and  motion,  whether  in  the  per- 
fedly  living  ftate,  or  after  apparent  death. 
But  even  thefe  metallic  ftimuli,  however 
powerful,  ceafe  to  excite  either  the  medul- 
lary 
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kry  or  mufcular  fibre,  when  the  organi-^ 
Nation  has  undergone  a  certain  degree  of 
derangement. 

It  may  be  further  obferved,  m  proof  of 
'this  dodlrine,  that  the  fufceptibility  of  the 
animal  fibre  for  the  adlion  of  ftimuli,  af- 
ter the  phenomena  of  fife  have  ceafed,  is 
extremely   varied   in   diflTerent  fubje\5ls. 
The  degree  of  its  fufceptibihty  depends 
upon  the  greater  or  lefTer  degree ,  of  de-  ^ 
rangement  in  the  organization  produced 
by  the  immediate  caufe  of  death*  For 
example,  the  fibre  of  a  perfon  whofe  life 
has  beeri  deftroyed  by  certain  fpecies  of 
poifon,  is  much  lefs  capable  of  being  ex- 
cited by  ftimuli,  than  that  of  a  perfon 
dying  by  feveral  ordinary  difeafes,  or  of 
one  whofe  life  may  have  been  fuddenly  - 
taken   away,  in   a  ftate  of  health,  by 
ftrangling,  or  other  modes  by  which  the 
organization  has  not  undergone  any  rrta- 
terial  injury  *.     Thefe  varieties  in  the 

L  ftate 

*^Dr  Girtanner  has  attributed,  as  w&-hzve  already 
noticed,  thefe  variations  in  the  excitability  or  irritabili- 

if 


§2        CAUSES  AND  PHENOMENA 


ftate  of  the  animal  fibre  in  different  fub- 
jedls,  after  the  ceffation  of  the  ordinary- 
phenomena  of  life,  cannot  be  accounted 
forj  excepting  on  the  fiippofition  that  the  . 
organization  has  undergone  different  de- 
'  grees  of  derangement  by  the  various  cau- 
fes  of  death. 

During  the  'continuance  of  life,  we  fre- 
quently fee  the  ftate  of  the  fibre  extreme- 
ly varied,  with  refpecl  to  its  fufceptibili- 
ty  of  the  a(5lion  of  ftimuli,  by  different 
difeafes:..  Paralyfis  affords  a  very  ftriking 
illuftration  of  this  obfervation.  We  fee  a 
perfon  apparently  enjoying  the  fulleft  ftate 
of  health,-r— the  vital  functions  feemingly 

in 

ty  of  the  mufcular  fibre,  to  the  abftra£lion  or  addition 
of  oxygene.  This  opinion  is  merely  hypothetical. 
Oxygene  may  indeed  be  extradled'  from  the  mufcular 
fibre  after  death  ;  and  it  would  perhaps  be  worthwhile 
to  try  the  experiment,  whether  as  much  oxygene  may 
not  be  obtained  from  the  mufcular  fibre  of  an  animal, 
the  life  pf  which  has  been  deftroyed  by  one  of  the 
Dodlor's  pofitive  ftimuli,  as  from  an  equal  quantity  of 
the  mufcular  fibre  of  another  animal,  the  life  of  which 
has  been  taken  away  by  one  of  his  negative  ftimuli.  I 
fyfpeft  fuch  ait  experiment  would  entirely  overthrow 
Dr  Girtanner's  theory. 
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in  the  moft  perfe<5l  ^Xerci (e, —and  ■  all  thie 
life-fupptortifig  *  pdv^cts  adliti^- ia|)on '  'him 
with  their  ufuai  force,— when '  'feld^^nly, 
forQ€  of  his  iriulcies  lule  the  poi.vfef '4yf 'moi . 
tioH.  ;  fb  what  caufe  are  we  to  aicri  be 
this  change  ?  Certainly- to 'a  chaiige'in^tli^ 
orgahizatiori  of  the '  pai't,-  by  which  ^  it  Is 
rendered  incapable  ^  of  -  being  a!£led  li^bn 
by  the  ^natural  flimiili.  How  are  We  -  to 
remove  the  difeafe  ?-^If  it  is  '  remediable, 
every  one  will  admit,  that  the  efFedl  can 
only  t)e  produced  iby  'employing;  th6*natiir 
ral  arid  artificial  ftimuli  in  dtre  '^pt*6p6r- 
tion. 

In  every  view  that  we  can  take '  of  this 
fubjedl,  it  appears  then,  that  the  pheno- 
mena of  life  can  only  be  produced  in  bo- 
dies peculiarly  organized  ;  arid  that  theie 
phenomena  cpriimencei  arid  are  cohtiri'ued, 
by  the  operation  of  certain  agents,  the  ac- 
tion of  which  mufl  bear  a  fixed  propor- 
tion to  the  ftate  of  the  organization.  Up- 
on thefe  fimple  principles  we  account  for 
animation ;  and  the  theory  we^lirid  Sup- 
ported by  all  the  phenomena 'of  nature 
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which  pafs  under  our  obfervation,  and  by- 
all  the  experiments  which  we  can  per- 
form upon  organized  fubftances.  In  vain 
then  fhall  we  fearch  for  any  principle  of 
life,  excepting  the  acftion  of  thefe  agents 
upon  matter  which,  by  its  peculiar  ftruc- 
ture,  is  fufceptible  of  their  operation. 
The  fufpenfion  of  refpiration,  and  the 
ceflation  of  the  adlion  of  the  heart,  have, 
by  fome,  been  fuppofed  the  caufe  of 
death :  But  in  fadl  thefe  vital  fundions 
never  ceafe,  unlefs  the  powers  which,  by 
their  ftimulus,  excite  their  a(5lion,have  been 
abftradled,  or  that  the  organisation  has 
fujffered  fuch  a  derangement  as  to  render 
the  body  unfufceptible  of  the  adlion  of  thefe 
powers.  In  either  cafe,  the  cefFation  of 
action  in  the  heart  and  lungs  is  merely 
an  effect,  not  a  caufe  of  death  :  and  that 
elfedl  is  either  fimpjy  a  confequence  of  a 
faulty  adion  of  the  life-fupporting  pow^ 
^rs,  or  a  derangement  of  the  bodily  or- 
ganization. 

From  the  fads  here  adduced  we  may 
warrantably  conclude,  that  it  is  only  by 

thq 
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the  various  modifications  to  which  the  a- 
nimal  fibre  is  liable,  that  we  can  explain 
all  the  phenomena  of  health  and  difeafe. 
It  is  by  the  different  flates  of  the  organi-r 
zation  that  the  various  flages  of  animal  life 
are  formed,  as  infancy,  childhood,  youth, 
manhood,  and  old  age.  The  various  modi- 
fications which  take  place  in  the  fibre  du- 
ring thefe  periods,  render  the  operation  of 
ftimuli  upon  the  body  exceedingly  differ- 
ent. At  the  fame  time  we  lhall  find,  that 
thefe  different  modifications,  of  the  orga- 
nization are,  in  a  great  meafure,  produ- 
ced by  the  continued  operation  of  the 
healthful  or  natural  ftimuli  upon  the 
body. 

The  fufceptibility  which  we  obferve  in 
animal  bodies,  of  being  adled  upon,  and 
excited  to  adlion,  by  various  agents,  has 
been  termed  excitability.  The  powers 
which  produce  this  effed:  are  confequent- 
ly  named  exciting  powers ;  and  the  effedl 
produced  by  their  adlion  is  ftyled  excite- 
ment, or  the  flate  of  excitement. 

JExcitabiUty  is  then  a  property  inherent 
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m  living  matter.  We  have  aferibed  it  to 
a  jpeeujiar  organization  ;  and  the  varieties 
which  we  obferve  in  the  phenomena  of 
Jife,  as  they  appear  in  different  orders  of 
animals  and  vegetables,  we  atfo  refer  to 
the  diiferent  modifications  of  that  organi- 
zation. That  excitabiUty  pecuHarly  be- 
longs to  organized  matter, '  is "  a  fadl,  for 
i^e;;triith  of  which  we  have,  ocular  de- 
iribnflration  ;  and  it  is  an  ultimate  fa(5l, 
ibeyojid  which  it  feems  impoffible  for  hu- 
jnan  refearch  to  be  extended. 

It  will  from  hence  follow,  that  the  ftate 
<)f  the  organization  will,  in  all  cafes,  ex- 
prefs  the  £late  of  the  excitability.  The 
latter  will  always  vary  according  to  the 
different  modifications  which  the  former 
!underg<^es  ;  or,  in  other  words,  the  ftate 
of  the  organization  and  the  flate  of  ex- 
citability are  convertible  terms. 

To  illuftrate  this  fubje(5l,  we  ihall  en- 
deavour to  confider  the  principle  of  exci- 
tability, or  the  ftate  x)f  the  animal  ^»rgani- 
zation,'  in  feveral  points  of  view  j  and  fir  ft, 
as  it  appears  in  an  individual  at  the  three 

different 
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different  periods  of  life^  infancy,  man^ 
hood,  and  old  age. 

Infancy  is  diftinguifhed  by  a  weak  and 
delicate  organization  :  the  weakeft  ftimu- 
lus,  and  in  the  fmalleft  quantity,  is  ea^^ 
pable  of  exciting  adlion  in  the  fyftem ;  and 
hence  nature  has  provided,  in  the  me* 
ther's  milk,  a  mild  nutritious  fluid  for  its 
fupport.  The  weak  flate  of  the  animal 
fibre,  renders  it  impolBble  to  produce  in 
the  infant  fyftem  vigour  of  body,  or  that 
ftate  which  has  been  termed  high  excite- 
ment. Hence  the  fufceptibility  of  being 
excited  by  diff^erent  agents,  whether  natu- 
ral or  artificial,  is,  by  their  too  powerful 
operation,  quickly  deftroyed.  A  full  meal 
of  the  mother's  milk,  or  other  mild  fub- 
ftances,  foon  induces  fleep  ;  and  a  very 
fmall  dofe  of  the  ftronger  ftimuli,  as  alco*» 
hoi  or  opium,  will  immediately  deftroy 
life,  or  utterly  exhauft  the  excitable  prin- 
ciple. Thefe  fa(5ls  lea.d  to  a  plain  conclu- 
fion,  that  a  high  ftate  of  excitability  im- 
plies a  feeble  organization.  It  follows  al- 
fo,  that  the  operation   of  thofe  agents- 

which 
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which  produce  adlion  in  the  fyftem,  even-' 
tually  deftroys  its  capacity  for  being  exci-- 
ted.  Too  great  a  quantity  of  the  mofl 
proper  food  foon  produces  debility  in 
the  infant  fibre  ;  and,  as  we  have  juft 
faid,  the  more  powerful  ftimulants,  in  a 
very  minute  proportion,  will  quickly  fo^ 
much  derange  the  organization,  a3  to 
render  it  incapable  of  being  excited. 

In  fome  of  the  fucceeding  pages,  wc 
fliall  have  occafion  particularly  to  fliaw, 
that  many  of  thofe  agents,  the  operation 
of  which  is  neceflaiy  to  the  production 
and  continuance  of  life,  do  not  a^  merely 
as  fimple  ftimulants,  but  that,  by  the  ad- 
dition of  new  matter,  they  communicate 
vigour  to  the  body,  and  hence  preferve  the 
animal  exiftence.  Such  is  the  ufe  of  aliment 
in  general.  The  infant  fibre  is  fo  modi- 
fied, as  to  be  capable,  by  the  adlion  of  the 
healthful  agents  in  juft  proportion,  parti- 
cularly aliment,  to  receive  an  acceflion  of 
new  matter,  to  increafe  in  fize,  and  to 
acquire  a  more  vigorous  organization. 
Hence  the  body  becomes  lefs  fufceptible 

of 
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of  the  adlion  of  ftimuli :  it  requires  a  greater 
proportion  of  thefe  agents  to  produce  the 
ufual  efFedl ;  or,  in  other  words,  the  excita- 
biUty  is  diminifhed,  and  the  fy  fhem  becomes 
capable  of  a  higher  degree  of  excitement. 

As  the  too  powerful  adlion  of  ftimuli, 
whether  natural  or  artificial,  quickly  de- 
ranges the  infant  organization,  or  ex- 
haufts  the  excitability,  fo  alfo  that  principle 
is  rapidly  accumulated  by  the  ab {trac- 
tion of  the  healthful  agents.  From  the 
feeble  ftate  of  the  animal  fibre  in  this  pe- 
ripd  of  life,  it  follows,  that  any  abftrac- 
tion-  of  the  ufual  neceffary  ftimuli  will 
induce  weaknefs  in  the  organization  ;  and 
if  this  abftra(5lion  is  carried  to  a  certain 
extent,  life  is  deftroyed. 

Here  it  muft  be  remarked,  that  we  do 
not  perceive  any  very  material  difference 
in  the  effeds  produced  on  the  animal 
body  by  thefe  two  feerningly  oppofite 
caufes,  the  too  fjowerful  a€iion,  or  the 
total  abftraftion  of  ftimuli.  It  is  obvious, 
that  each  of  thefe  cauies  produces  debility  : 
The  effed  of  the  firft  has  been  termed 
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indired,  and  that  of  the  fecond,  diredl  de-r 
bility.  Perhaps  it  is  proper  that  feme  dif- 
tin(5live  terms  fliould  be  employed  to  de- 
note the  effe(5ls  of  caufes  fo  different,  al- 
though ultimately  their  effedls  appear  to 
be  precifely  the  fame.  We  fliall  have  oc- 
cafion  again  to  advert  to  this  point,  and 
fhall  therefore  only  obferve  at  prefent,  in 
illuftration  of  the  fubje6l,  firft,  that  the 
operation  of  ftimu'li  muft  be  various,  in 
proportion  to  the  degree  of  their  ac- 
tion. When  employed  in  a  moderate 
degree,  or  juft  proportion,  they  do  cer- 
tainly exhauft  the  excitability,  or  ren- 
der the  fyftem  lels  fufceptible  of  their 
a£lion.  But  in  this  cafe  that  fufceptibi- 
lity  is  quickly  reltored,  and  brought  to 
the  healthful  point,  by  reft,  and  the  accef- 
fion  of  new  matter  from  the  aliment.  If, 
again,  ftimuli  are  employed  in  too  great, 
though  not  in  extreme  proportion,  the  fuf- 
ceptibility  of  excitation  is  ftill  more  rapid- 
ly, and  to  a  greater  degree,  diminiflied  ;  but 
no  fooner  has  the  operation  of  the  ftimuli 
completely  ceafed,  than  we  perceive  a  con- 
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Cicierable  degree  of  weaknefs  induced^  at- 
tended with  a.  high  degree  of  excitabiUty* 
But  if  the  operation  of  the  flimuH  is  in 
the  extreme,  the  excitabiUty  is  totally  de- 
ftroyed,  i.  e.  the  powers  of  life  are  anni- 
hilated. Secondly,  by  the  abftradlion  of 
the  tifnal  ftimuli  in  any  degree,  the  fuf^ 
ceptibility  of  excitation  in  the  fyflem  is 
proportionally  increafed,  till,  by  the  con- 
tinuance of  that  abftradtion,  the  excitabi- 
lity totally  difappears.  We  fee  then  the 
moft  ftriking  analogy  in  the  e£fe6ls  pro- 
duced by  the  too  powerful  a^lion,  and  the 
total  abftra(5ion,  of  the  neceffary  ftimuli. 
In  both  cafes,  the  organization  may  be  fb 
far  deranged  as  to  produce  death  ;  but  if 
the  operation  or  abftradlion  of  the  ftimuli 
is  not  carried  to  this  extent,  in  both  cafes 
debility  is  induced,  attended  with  an  in- 
creafed fufceptibility  of  the  adlion  of  fti- 
muli^ bt^,  in  other  words,  a  high  excita- 
bility. There  appears  then  to  be  no  effen- 
tial  difference  in  thofe  ftates  of  weaknefs 
which  have  been  termed  indiredl  and  di- 
red  debility.    This  point  we  ftiall  after- 
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wards  take  occafion  to  illuftrate  by  eX- 
amples. 

By  flow  degrees,  through  the  accefTion 
of  nev7  matter,  the  infant  organization  ac- 
quires firmnefs  and  vigour,  till  at  length 
the  animal  body  acquires  its  higheft  de- 
gree of  perfedlion,  conftituting  the  ftatc 
of  manhood.  In  proportion  to  the  in- 
creafed  vigour  of  the  organization,  the 
excitability  is  diminiflied.  To  produce 
a(5lion  in  the  fyftem,  the  force  of  the  fli- 
muli  muft  be  augmented  :  and  the  body 
can,  with  impunity,  fuflain  the  a(5lion  of 
more  powerful  agents.  The  animal  func- 
tions are  carried  on  in  their  greateft  de- 
gree of  perfedlion ;  and  the  excitement  or 
vigour  of  the  fyftem  has  attained  its  ut- 
moft  poflible,  height.  The  body  is,  how- 
ever, as  in  the  former' period,  liable  to 
the  fame  deviations  from  the  healthful 
ftate,  by  the  fuperabundant  or  diminifli- 
ed adlion  of  the  different  agents.  But  we 
obferve  a  material  change  to  have  taken 
place:  the  animal  body,  having  acquired 
its  higheft  degree  of  perfedion,  is  only 
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capable  of  having  the  vigour  of  its  orga- 
nization renewed  by  receiving  new  mat- 
ter from  the  aUment,  but  is  incapable  6f 
any  further  increafe  of  fize.  Increafed 
obefity  is  no  contradi(5lion  to  this  fa6l; 
becaufe,  when  carried  to  a  certain  extent, 
it  undoubtedly  conftitutes  difeafe. 

As  it  is  evident  that  the  operation  of  " 
ftimuli,  even  of  thofe  which  fuppl;^  new 
matter  to  the  body,  has  a  continual  ten- 
dency to  exhauft  the  excitability,  we  mufl 
be  convinced,  that  it  is  to  the  continued 
adlion,  through  the  progrefs  of  life,  of 
thofe  agents,  the  operation  of  which  is 
neceflary  to  the  produdlion  and  conti- 
nuance of  that  life,  that  we  are  to  afcribe 
the  ftate  of  weaknefs '  which  conftitutes 
old  age.  This  period  is  marked  by  a  de- 
bilitated organization,  materially  different, 
however,  from  the  feeble  organization  of 
infancy  ;  becaufe,  from  the  alteration 
which  the  animal  fibre  has  undergone,  it 
has  become,  in  a  confiderable  degree,  in- 
capable of  being  recruited,  or  reftored  to 
the  healthful  ftate,  by  the  addition  of  new 

matter 
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matter  from  the  alimer^.  In  vain  {hall 
we  endeavour  'tb  ^'^c count  for  this  new 
modifieation  which  lias  t^iken  place  in  the 
organic  ftrudlure  of  the  body.  The  ana- 
tomift  may  point ;  out '  fome  difference  in 
the  appearance  of  the  parts  in  old  age, 
and  the  former  periods  of  life ;  and  the 
chemill:  may  demohftrate  feme  variation 
in  the  proportion  of  the  conflituents  :  but 
their  mod  diligent  relearchea,  can  afford 
us  no  information  as  to  the  caufe  of  this 
alteration :  And  we  are  conftrained  to 
admit,  that  human  inveftigation  can  car- 
ry us  no  farther  than  the  bare  knowledge 
of  the  fadl,  that  in  the  more  advanced 
periods  of  life,,  the  powers  of  the  fyftem, 
in  carrying  on  the  animalizing  procefs,  are 
progreffively  diminifhecl,  till  at  length  the 
animal  fibre  becomes  abfolutely  incapable 
of  affimilating  or  receiving  new"  matter, 
and  life  neceffarily  ceafes. 

.  Old  age  is  alio  obvioufly  marked  by 
dinainiflied  excitability.  This,  in  moft 
inftances,  is  jflrikingly  exemplified^  by  a 
diminilhed  fufceptibility  of  the  a(5lion  of 
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flimnii  in  the  various  organs  of  fenfation. 
Light  no  longer  produces  its  former  ef- 
fedt  \ipon  the  eye,  nor  found  upon  the 
ear.  The  tafte  and  fmell  decay,  and  the 
feeling  becomes  obfcure.  More  evident 
proofs  of  diminifhed  excitability  cannot 
be  fuppofed.  Yet,  in  another  view,  an 
accumulatio'n  of  this  principle  feems  to 
attend  old  age.  The  operation  of  the 
more  powerful  flimuli,  as  alcohol  or  o- 
pium,  produces  a  greater  effedl  than  in  ^ 
the  middle  period  of  life.  A  quantity  of 
alcohol,  which,  at  forty  years  of  age, 
would  fcarcely  have  caufed  exhilaration, 
will,  in  the  fame  perfon,  at  fixty  or  fe- 
venty  years  of  age,  produce  intoxication. 
Hence  it  would  appear,  that  old  age,  ge- 
nerally fpeaking,  exhibits  figns  both  of  an 
exhaufted  and  an  accumulated  excitability. 
With  refpedl  to  the  former,  it  appears, 
that  the  organization  is  fo  far  deranged,  as 
to  be  lefs  fufceptible  of  the  adlion  of  many 
of  the  external  agents,  as  light,  found,  &c. 
With  regard  to  the  latter,  the  apparent 
accumulation  of  the  excitable  principle, 
,  ^  '  we 


g6  CAUSES  AND  PHENOMENA 


•we  are  inclined  to  account  for  it,  from 
the  confideration  of  the  fa(5l  juft  mention- 
ed, that  the  ajfiimal  fibre  daily  becomes 
more  and  more  incapable  of  receiving 
new  matter.  This  operates  precifely  in 
the  fame  way  as  the  abflradlion  of  the 
necefTary  flimuli  in  the  former  periods  of 
life.  Hence  the  daily  increafed  debility, 
and  the  confequent  increafed  fufceptibility 
of  the  adlion  of  flimuli. 

In  the  progrefs  of  human  life,  we  ob- 
ferve,  by  fliades  almofl  imperceptible,  the 
feeble  organization  of  infancy,"  rifing  to' 
the  firm  and  vigorous  tone  of  manhood, 
and  again  finking  into  the  debility  of  old 
age.  Through  all  the  various  modifica- 
tions which  take  place  in  the  fibre,  we 
perceive  the  animal  body  more  fufceptible 
of  the  a6lion  of  flimuli,  in  proportion  to 
the  weaknefs  of  the  fibre,  and  lefs  fufcep- 
tible of  that  adlion,  in  proportion  to  its 
flrength.  To  what  then  are  we  to  afcribe 
the  accumulation  or  exhauftion  of  excita- 
bility, but  to  the  various  modifications  of 
the  orgaaization  ?  And  to  what  are  we  to 
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afcribe  thefe  various  modifications,  (we 
fpeak  only  of  tlie  (late  of  health),,  uhlefs 
to  fhe  progrefTive  capacity  and  incapacity 
of  the  animal  fibre  for  receiving  an  accef- 
ilon  of  new  matter  ? 

But  the  addition  of  new  matter  alone  is 
not  fufficient  to  preferve  the  animal  ftbre 
in  the  healthful  flate ;  reft  is  alfo  requi- 
red: and  nature  has  allotted  a  confider- 
ab'e  portion  of  our  time  to  this  purpofe. 
The  periods  of  watching  and  of  fleep  very 
clearly  exhibit  the  diminution  and  in- 
creafe  of  the  excitable  principle.  We  go 
on,  therefore,  to  confider  the  principle  of 
excitability,  or  the  modifications  which 
take  place  in  the  organization,  in  a  fecond 
point  of  view,  viz.  as  producing  the  alter- 
nation  of  the  waking  and  fleeprng  itates.  " 

It  feems  clear,  that  through  the  courfe 
of  the  day,  or  during  the  continuance  of 
the  waking  flate,  the  organization  be- 
comes debilitated  by  the  adlion  of  the  or- 
dinary ftimuli,  as  heat,  light,  found,  air ; 
but  elpecially  mufcular  motion,  and  the 
pafhons  of  the  mind.    After  thefe  have 
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adled  upon  the  body  for  a  certain  period, 
it  becomes  iio  longer  fufceptible  of  the 
adlion  of  thefe  ftimuli.  An  ifiert  ftate 
fucce^ds,  in  which  we  perceive  a  partial 
fufpenfion  of  the  animal  fundions.  The 
ordinary  ftimuli,  during  this  period,  have 
little  or  no  efFe<5l  upon  the  body,  at  leaft 
none  of  thofe  fun(5lions  are  exercifed 
which  depend  upon  the  will. 

That  the  excitable  principle  is  in  this 
cafe  exhaufted  by  the  continued  adlion  of 
the  ftimuli  feems  clear,  becaufe  the  fame 
efFecl  may  be  produced,  and  with  ftill 
greater  celerity,  by  tjbe  exceffive  adlion  of 
various  ftimulant  powers.  Thus  too  large 
a  proportion  of  aliment,  or  the  operation 
offbeat  in  a  certain,  degree,  will  induce 
lleep.  Still  more  rapidly  is  this  effedl  pro- 
duced by  the  adlion  of  the  more  powerful 
artificial  agents,  as  opium,  alcohol,  &c. 
Since  then  fleep  is  rapidly  produced  by 
the  operation  of  powerful  ftimuli,  we  may 
reafonably  infer,  firft,  that  this  ftate  ne- 
ceffarily  fucceeds  the  qxhauftion  of  the  ex- 
citability to  a  certain  degree  j  and,  fe- 
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condly,  that  in  all  cafes  it  is  efFedled  by 
the  a(5lion  of  ftimuli.  The  fam^  efFe(5l 
which  follows  the  operation  of  the  more 
powerful  flimuli  in  a  fhort  period,  is  in  a 
I'onger  time  produced  by  the  ordinary 
healthful  agents. 

We  cannot  however  afcribe  the  flate  of 
fleep,  in  every  cafe,  to  a  fimply  ftimulant 
action  in  the  powers  which  produce  it. 
By  the  labours  of  the  day,  a  ccnlider-* 
able  quantity  of  matter  is  feparated,  and 
thrown  out  of  the  body,  by  the  various 
excretions.  ,  The  animal  fibre  is  weakened 
by  the  lofs  of  this  matter :  and  hence  it 
is,  that  although  the  more  powerful  fti- 
mulants  will  produce  the  ftate  of  fleep, 
yet  the  fame  fubflances,  adminiftered  in 
a  proper  proportion,  will  preferve  the  wa-i 
king  ftate.  Thus  a  perfon  exhiufted  by 
labour  and  long  watching,  may  be  kept 
awake  for  a  further  time  by  a  moderate 
meal.  In  like  manner,  a  dofe  of  opium 
or  alcohol  will  protradl  the  waking  ftate. 
Now,  although  the  natural  aliment  does 
not  furnifli  new  matter  to  the  fyftem  at 
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the  inftant  it  is  received  into  the  ftomach, 
and  although  opium  and  alcohol  do  not 
contribute  i,iew  matter  to  the  body ;  yet 
the  whole  of  thefe  produce  a  temporary 
vigour  and  energy  in  the  fyflem,  which 
for  a  fhort  time  renders  it  fufceptible  of 
the  a(5lion  of  the  natural  ftimuli,  and 
hence  the  waking  ftate  is  protracfled. 

The  ftate  of  fleep  may  then  be  produ- 
ced by  two  caufes  :  Firft,  The  organiza- 
tion is  debilitated  by  the  ftimulus  of  la- 
bour, and  the  other  agents,  during  which 
a  quantity  of  matter  is  feparated  from  the 
anim.al  fibr^,  and  not  fufficiently  replaced. 
For  although  we  receive  aliment  repeat- 
edly during  the  day,  it  is  at  lead  probable 
that  the  iiew  matter  is  not  depofited  du- 
ring that  period  in  the  fame  proportion  in 
which  it  is  carried  off.  Hence  the  orga- 
nization is  weakened,  producing  in  fadl 
that  ftate  which  has  been  termed  diredl 
debility.  But  we  believe  it  has  not  hi- 
therto  been  fufpe<5led,  that  the"  powers  o- 
perating  upon  the  body  through  the  day 
really  produce  that  ftate. 

Secondly, 
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Secondly,  The  fleeping  ftate  is  induced 
by  the  operation  of  the  more  powerful  Hi-, 
muli,  during  which  we  do  not  perceive 
that  the  animal  fibre  is  exhaufted  by  the 
diminution  of  matter  j  but  the  organi-^ 
zation  is  debilitated  by  the  excfeiTive  adlioa 
of  the  ftimulus  producing  what  has  been, 
termed  indiredl  debility.  In  both  cafes,  a 
debilitated  organization  appears  to  be  the 
caufe  of  fleep. 

We  have  already  fuggefted,  that  there 
does  not  appear  to  be  fo  great  a  difference 
between  dire<£l  and  indiredl  debility  as 
has  been  very  generally  fuppoled.  Dire(5t 
debility  is  caufed  by  the  abftradlion  of 
thofe  agents  which  are  neceffary  to  the 
continuance  of  life.  To  take  aliment  for 
our  example,  —  Debility  is  foon  induced 
by  the  total  ab{lra(5lion  of  food.  The 
caufe  here  is  perfedlly  obvious :  The  mat- 
ter of  the  animal  fibre  is  diminifhed  by 
the  ufual  excretions,  and  it  has  not  recei- 
ved a  new  fupply.  Hence  the  weakened 
organization.  Indirect  debility  is  produ- 
ced by  the  excefTive  adion  of  llimuli.  Is 
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it  not  the  necefTary  effecfl  of  fliinuli,  efpe- 
cially  the  more  powerful,  to  incrcafe  the 
fecretions  and  excretions  ?  May  we  not 
then  fuppofe,  that  the  more  powerful  fti- 
mulants  rapidly  diminifh  the  matter  of 
the  animal  fibre  by  accelerating  the  fecre- 
tions, thus  producing  precifely  the  fame 
efFedl  with  the  abftradlion  of  aliment  ?  Is 
it  not  probable  that  the  weak  organiza- 
tion which  follows  the  abftra(5lion  of  ali- 
ment, and  the  excefTive  a(5lion  of  alcohol 
or  opium,  is  in  a  great  meafure  produ- 
ced by  the  diminution  of  the  matter  of 
the  animal  fibre?  We  are  aware,  how- 
ever, that  all  the  efFe6ls  produced  by  the 
operation  of  ftrong  flimulants  cannot  be 
accounted  for  merely  on  the  fuppofition  of 
the  abftradlion  of  matter  from  the  body 
by  the  ordinary  excretions.  Nor  can  the 
eflfedls  which  arife  from  the  total  abftrac- 
tion  of  feveral  of  the  natural  ftimuli  be 
accounted  for  on  this  principle.  The  ab- 
ftradtiori  of  air,  for  example,  will  in  a 
very  Ihort  period  produce  death ;  and  in 
this  cafe  np  confiderable  diminution  of 
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the  conftkueiits  of  the  body  takes  place. 
Nor  is  there  any  fuch  diminution  when 
death  is  produced  by  a  large  dofe  of  al- 
cohol or  opium.  It  follows,  that  we  can- 
not account  for  the  adion  of,  all  ftimuli 
upon  the  fame  principles :  and  we  fhall 
have  occafion,  when  treating  on  the  dif- 
ferent agents,  to  fhow,  that  various  flimuli 
differ  not  only  in  the  degree  of  their 
power,  but  alfo  in  their  nature  and  mode 
of  operation.  We  are  however  difpofed 
to  think,  that  a  debilitated  organization, 
whether  caufed  by  the  abftraction  or  the 
too  powerful  adlion  of  ftimuli,  i.  e.  both 
diredl  and  indiredl  debility,  arifes,  gene- 
rally fpeaking,  from  too  great  a  diminu- 
tion of  the  animal  matter. 

Whatever  may  be  in  the  preceding  ob- 
lervatiojis,  it  is  plain  that  the  ftate  of  fleep, 
in  every  inftance,  takes  place  in  confe- 
quence  of  an  enfeebled  organization.  Up- 
on this  principle,  we  can  explain  the  caufe 
why  fleep  is  induced  by  the  abftrad:ion  of 
heat.  A  perfon  fubjedled  Co  a  very  low 
temperature,  efpecially  if  not  Simulated 
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by  adllon,  quickly  becomes  drowfy.  The 
abftradlion  of  the  rxcceflary  ftimulus  of 
Jheat  debiUtates  the  fibre. 

Debihty  then  produces  that  partial  fuf- 
penfion  of  the  animal  fun6lions  which 
we  term  fleep.  In  this  ftate,  the  body  is 
fubje(5led  only  to  the  IHmulus  of  the  blood, 
—the  other  fluids,-^the  air  in  refpiration, 
—and.  external  heat,  according  to  the  de- 
gree of  temperature  in  which  the  body  is 
placed.  In  proportion  to  the  debility  in- 
duced, or  previous  exhkuftion  of  the  exci- 
tability, provided  the  organization  is  not 
too  much  weakened,  will  be  the  found- 
neis  and  continuance  of  the  fleep.  After 
continuing  in  this  ftate  for  a  certain  pe- 
riod, the  fufceptibility  of  impreffions  from 
the  ufual  ftimuli  is  reftored  to  the  body. 
This  reprodu(5lion  of  the  excitability,  ap- 
pears to  be  caufed  by  the  abllradtion  of 
the  ufual  ftimuli  which  had  adled  upon 
the  body  during  the  waking  ftate,  toge- 
ther with  the  addition  of  new  matter  to 
the  fibre,  by  the  animalizing  procefs  which 
is  carried  on  during  fleep,  in  the  circula- 
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tipg  fluids.  Hence,  new  energy  "is  -com- 
municated to  the  fyftem,  the  tone  of  the 
fibre  is  reftored,  and  it  is  rendered  ca- 
pable of  being  excited  by  the  natural  fti- 
muli.  It  requires  no  arguments  to  prove 
that  the  vigour  of  the  fyftem  is  reftored 
by  fleep :  and  it  is  plain  that  the  a(5lion  of 
ftimuli,  during  the  day,  renders  the  body 
lefs  capable  of  excitement  in  the  evening, 
than  it  vvas  in  the  mof  ning.  It  follows 
then,  that  a  particular  modification  of  the 
organization  being  induced,  and  which 
appears  to  be  a  certain  degree  of  debility, 
the  excitability  of  the  fyftem  is  confide- 
rably  diminiftied.  But  it  muft  be  here 
remarked,  that  a  further  degree  of  weak- 
nefs  than  that  which  is  necelTary  to  in- 
duce fleep,  is  accompanied  with  an  j^ccu- 
mulat^d  excitability,  fo  that  the  body  be- 
comes much  more  fufceptible  of  the  acftion 
of  ftimuli,  and  the  waking  ftate  is  pro- 
trailed  fo  as  to  conftitute  difeafe.  Thus, 
a  debilitated  organization,  in  moft  inftan- 
ces,  is  attended  with  watchfulnefs  or  dif- 
turbed  fleep.     Now,  when  the  waking 

O  ftate 


1 


lo6      CAUSES  AND  PHENOMENA 


ftate  is  unduly  protradcd,  or  the  fleep 
broken  and  difturbed,  it  feems  clear,  ei- 
ther that  the  excitability  is  confiderably 
accumulated,  or  that  the  fyftem  is  fub- 
ic(5led  to  the  operation  of  powerful  (limuli. 
In  every  inftance,  perhaps,  of  this  kind, 
where  the  waking  flate  is  not  continued 
by  the  adlion  of  ftimuli,  the  caufe  is  fuf- 
iiciently  obvious,  a  debilitated  organiza- 
tion, which  confequently  indicates  an  ac- 
cumulated excitability. 

Befide  the  more  powerful  ftimuli  alrea- 
dy mentioned,  the  fleeping  ftate  may  be 
prevented,  and  a  morbid  watchfulneis  in- 
duced, by  excefTive  fatigue  or  the  deprefting 
pafTions.  In  the  firft  cafe,  a  high  degree 
of  debility  is  induced  by  exceflive  fatigue, 
which,  whatever  it  may  be  called,  pro- 
duces exadlly  the  fame  eifedl  as  accunmla- 
ted  excitability  arifing  from  any  other 
caufe.  The  waking  ftate  is  protraded, 
although  no  powerful  ftimuli  are  adling 
on  the  body,  and  fleep  may  even  be  in- 
duced, by  employing  fomc  of  the  more 
powerful  ftimulants  ;  the  effed:  of  which, 
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liiiifl  furely  be,  to  exhauft  the  excitability. 
Here  then  is  a  cafe  in  which  we  fliould 
have  expelled  an  exhaufted  excitabiUty* 
The  continued  adion  of  the  powerful  a- 
gents,  which  produced  exceflive  fatigue^ 
as  mufcular  motion,  mental  energy,  &g* 
we  fhould  naturally  have  fuppofed,  would 
have  ,  wafted  the  excitable  principle,  and 
have  brought  on  rapidly  the  ftate  of  lleep. 
Such,  indeed,  is  their  effe(5l,  when  a6ling 
in  moderate  proportion, — i.  e.  when  adling 
in  a  certain  proportion,  to  the  vigour  of 
the  animal  organization.  But  when  thefe 
powers  adl  in  a  high  degree,  we  find  that 
they  induce  a  modification  of  the  animal 
fibre,  which  differs  not  in  the  leaft  from 
that  which  is  produced  by  the  abftradlion 
of  ftimuli,  viz.  a  weakened  ftate  of  the 
organization,  with  all  the  phenomena  of 
accumulated  excitability.  It  muft,  how- 
ever, be  remarked,  that  in  fome  inftances 
in  which  the  waking  ftate  feems  to  be  pro- 
tradled  by  exceflive  fatigue,  the  opepting 
caufe  is  pain,  arifing  from  the  violent  or 
Idng-continued  mufcular  adion  :  And  it 
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may  be  admitted,  that  in  thefe  cafes,  fleep 
is  prevented  by  the  operation  of  a  power- 
ful flimulus. 

The  fecond  caufe  which  we  have  men- 
tioned of  morbid  watchfulnefs,  is  the  de- 
prefling  pafTions,  as  feiir,  forrow,  grief. 
The  uniform  effedl'  of  thefe  powers  upon 
the  body,  is  to  debditate  the  organization. 
In  no  cafe  do  they  produce  energy  in  the 
fyftem  ;  and  we  fliould  therefore  be  inch- 
ned  to  confider  them  as  diredt  fedatives. 
We  defer,  however,  the  confideration  of 
their  nature,  till  they  come  niore  particu- 
larly before  us.  But  the  effect  of  their  o- 
peration  is  perfe(51:ly  obvious.  The  ani- 
mal fibre  is  enfeebled,  and  an  accumula- 
ted excitability  always  attends  their  opera- 
.  tion.  The  caufe,  then,  of  morbid  watch- 
fulnefs in  both  the  cafes  we  have  mention- 
ed, is  a  debilitated  organization,  by  which 
the  body  is  rendered  more  fufceptible  of 
the  adlion  of  the' ^various  agents,  than  in 
the  perfedly  healthful  flate.  And  to  the 
fame  caufe,  we  muft  afcribe  the  watch- 
fulnefs 
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fulnefs  which  attends  many  cafes  of  di{l 
eafe. 

The  partial  interruption  of  reft  which 
we  experience  in  dreaming,  appears  to  a- 
rife  from  a  greater  or  leffer  degree  of  debi- 
lity in  the  organization.  It  is  a  fadl  uni- 
verfally  known,  that  perlons  under  a  great 
debility,  are  much  more  liable  to  dream, 
than  thofe  of  vigorous  conftitutions.  Inr- 
deed,  the  fleep  of  the  former  is  generally 
a  conftant  fucceffion  of  dreams.  Thus,  we 
obferve,  females,  generally  fpeaking,  are 
more  fubjecfl  to  dream  than  males.  In  eve- 
ry inftance,  thofe  perfons  who  are  much  ac- 
cuftomed  to  dream,  exhibit  a  debilitated  or- 
ganization, and  a  confequent  increafed  fuf^ 
cepdbility  of  the  adlion  of  ftimuli.  In  this 
weakened  ftate,  the  mental  energy  alone 
is  commonly  a  fulEcient  ftimulus  to  pro- 
duce dreaming,  and  the  efFe(5t  is  propor- 
tionally increafed,  by  the  operation  of  the 
ftronger  pafTions  of  the  mind.  Material 
ftimuli,  as  an  overloaded  or  difordered 
ftoniach,  will  produce  the  fame  effed;,  not 

only 
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only  in  debilitated  habits,  but  proportion-' 
ally  in  the  more  vigorous. 

Somnambulancy  appears  to  arife  from 
the  fame  caufe,  but  operating  to  a  greater 
extent  than  in  ordinary  dreams.  In  this 
difeafe,  we  perceive  accumulated  excitabi- 
lity ftrongly  marked.  And  to  what  caufe 
can  we  afTign  the  excefs  of  this  principle, 
unlefs  to  the  enfeebled  organization,  which 
is  conftantly  prefent. 

Upon  the  whole,  it  appears  that  the 
vigour  of  the  body  is  diminifhed  during 
the  courfe  of  the  day  by  the  operation  of 
the  ufual  agents  ;  and  if  the  debility  in- 
duced is  carried  only  to  a  certain  extent, 
ita  fufceptibility  of  the  adlion  of  thefe  a- 
gents  is  alfo  diminiflied.  In  this  cafe 
found  or  healthful  fleep  fucceeds  :  And 
after  a  certain  period,  the  body,  recruited 
by  reft,  as  well  as  the  addition  of  new  mat- 
ter, realTumes  its  former  vigour,  and  be- 
comes again  fufceptible-  of  the  adlion  of 
the  ufual  ftimuli.  But  if  the  degree  of 
debility  induced  is  conliderable,  whether 
caufed  by  labour  or  difeafe,  we  find  that 
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the  body  retains  its  fufceptibility,  of  the 
adlion  of  flimuli,  and  indeed  exhibits  all 
the  phenomena  of  accumulated  excitabi- 
lity. Thefe  cafes  of  increafed  debility,  by 
which  the  watchful  ftate  is  protradled, 
have  been  confidered  as  inftances  of  ex- 
haufted  excitability,  or  indiredl  debility. 
We  have  feen,  that  they  are  in  fa(5l  at- 
tended with  what  is  ufually  termed  accu- 
mulated excitability :  But,  as  we  have 
already  faid,  there  appears  to  be  no  real 
xiifFerence  in  thofe  ftates  of  the  organi- 
zation which  have  been  diftinguifhed  by 
the  terms  diredl  and  indiredl  debility. 

Various  degrees,  however,  of  excitabi- 
lity, or  that  fufceptibility  which  the, ani- 
mal body  pofTelFes  of  being  excited  to  ac- 
tion by  flimuli^  appear  not  only  in  the 
different  periods  of  human  life,  and  in  the 
alternation  of  the  waking  and  fleeping 
ftates,  they  are  alfo  obfervable  in  an  in- 
dividual at  any  given  period  of  life,  or 
in  two  perfons  at  the  fame  period.  But 
in  every  inftance  thefe  variations  will  be 
found  to  arife  from  fome  change  taking 
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place  in  the  animal  organization,  by 
•which,  in  a  greater  or  lefTer  degree,  it  has 
been  debilitated,  or  received  an  acceffion 
of  ftrength.  We  fhall  endeavour  to  illuf- 
trate  the  fubjedt  in  this  third  point  of  view. 

Let  us  here  take  for  our  example  a  per- 
fon  arrived  at  the  age  of  manhood,  and  pof- 
fefling  a  vigorous  conftitution;  the  various 
natural  or  healthful  agents  adting  upon  him, 
and  employed  in  a  due  or  moderate  propor- 
tion :  in  this  cafe  we  obferve  all  the  ani- 
mal fundlioris  duly  performed,  and  the 
,  vigour  of  the  body  carried  to  its  utmoft 
height.  This  is  the  higheft  flate  of  excite- 
ment of  which  the  fy(tem  is  capable  ;  or, 
*  in  other  words,  the  organization  is  now 
in  its  mod  perfect  ftate.  We  may  next 
confider  what  will  be  the  eflfedls  of  ab- 
flra<5ling,  or  employing  in  too  great  pro- 
portion, ,  the  natural  ftimuli. 

If  the  natural  ftimuli  are  abftra(5led  in 
any  degree,   a   proportional   degree  of 
weaknefs  will  be  produced  in  the  fyftem. 
This  is  perfedlly  obvious,  .if  the  natural 

ftimuli  of  heat  or  aliment  are  withdrawn 
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in  any  confiderable  proportion.  The  or- 
ganization is  evidently  debilitated: — The 
powers  of  life  or  excitement  are  diminilhed ; 
and,  it  would  feem,  the  excitability  is 
augmented  in  an  equal  ratio.  That  the 
powers  of  life  are  diminifhed,  will  not' be 
difputed :  And  the  feeming  proportional 
increafe  of  the  excitability,  appears  to  be 
proved  by  a  great  number  of  fadls.  If  a 
perfon  has  failed  long,  a  fmall  proportion 
of  any  of  the  natural  ftimuli  will  produce 
a  much  greater  efJedl  upon  the  fyftem, 
than  a  larger  quantity  would  have  done  if 
the  body  had  not  been  debilitated  by  the 
abftradlion  of  the  ufual  ftimuli.  ^  The  fti- 
mulus  then,  in  this  cafe,  feems  to  have  a 
much  greater  efFedl  than  it  would  have 
^  had  if  fimilar  agents  had  been  regularly 
applied  to  the  body.  Again,  when  the 
abftra(5lion  of  the  ufudl  ftimuli  ha»  been 
carried  to  a  very  conftderable  extent,  as 
when  a*  perfon  is  nearly  familhed,  a  very 
fmall  proportion  of  a  mild  fubftance,  as 
a  few  fpoonfuls  of  broth,  if  haftily  fwal- 
lowed,  will  produce  the  fame  effeds  as  a 
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flrong  ftimulant,  fuch  as  alcohol,  would 
have  done  if  the  organization  had  not  been 
thus  debilitated.  The  niild  ftimuliis  will  ' 
in  this  cafe  produce  the  ufual  exhilarating 
effedts  of  fpirituous  liquors  ;  and  inftances 
have  even  been  known,  in  which  a  fmall 
quantity  of  broth  has  produced  death,  in 
the  fame  manner  as  a  large  quantity  of  aK 
cohol  would  have  done  in  a  fyftem  not  de- 
bilitated by  the  abftra€lion  ,  of  the  ufual 
flimuli.  Thefe  effedls  fufficiently  fliow, 
that  in  that  ftate  of  weaknefs  which  is  in- 
duced by  the  abftradlion  of  the  necelTary 
^agents,  the  organization  is  more  eafily  ex- 
cited to  adtion  than  in  the  healthful  ftate ; 
and  hence  it  has  been  fuppofed  that  the 
excitability  is  accumulated.  It  is,  how- 
ever, perfedlly  clear,  that  the  abftracflion 
of  one  or  more  of  the  necelTary  or  ufual 
ftimuli,  will  produce  a  derangement  of 
the  organization,  which  is  uniformly , 
marked  by  debility.  But  the  derange- 
ment to  which  the  organization  is  liable, 
may  be  varied  in  feveral  ways,  according 
to  the  nature  and  ufe  of  the  ftimulus, 
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and  the  proportion  in  which' it  is  abftrad:* 
ed,  fo  as  to  produce,  no  doubt,  feveral 
very  different  modifications  of  the  animal 
fibre.    The  effedts  produced  on  the  body 
by  the  abftradion  of  different  ftimuU,  we 
/    ftiall  ftate  more  part  cularly  when  treating 
upon,  the  agents  :  at  prefent  it  is  fufficient 
to  obferve,  that  by  the  abftradlion  of  aU- 
ment,  the  organization  is  debilitated,  be- 
caufe  the  animal  fibre  has  not  received 
that  acceffion  of  new  matter  which  is  ne- 
ceffary  to  preferve  it  in  the  healthful 
ftate.    By  the  abftra(^liou'  of  heat,  i.  e. 
when  the  body  is  placed  in  a  low  tempera- 
ture, as  at  32®  or  under,  the  animal  heat 
is  carried  off  in  a  greater  proportion  than 
that  in  which  it  is  produced  in  the  body ; 
and  the  animal  fibre,  deprived  of  the  ne- 
ceffary  quantity  of  this  ftimulus,  appears 
to  be  incapable  of  performing  its  ufual 
fun(5lions.  '  Upon  fimilar  principles,  we 
may  explain  the  caufe  of  the  derangement 
of  the  oi^anization  from  the  abftradlion  of 
feveral  other  of  the  healthful  agents.  But 
it  muff  be  confeffed,  that  the  mode  in 
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which  fome  of  thefe  agents  operate,  and  by 
which  they  aflift  in  prefervlng  the  body 
in  the  healthful  ftate,  have  hitherto  e- 
luded  the  refearches  of  all  phyfiqlogifts. 
The  fa(5l  however  is  plain,  that  the  ab^ 
ftra(5lion  in  any  degree  of  all  or  any  of 
thofe  powers  which  are  necefFary  to  the 
produ(5lion  and  continuance  of  the  phe- 
nomena  of  life,  induces  a  debilitated  orga- 
nization ;  and  the  body  thus  weakened, 
appears  to  beconje  more  fufceptible  of 
the  adlion  of  thefe  or  other  agents. 

Upon  the  other  hand,  the  organization 

'  of  the  fame  perfon,  or  of  another  of  an 
equally  vigorous  conlliitution,  may  as 
eafily  be  deranged  by  the  fame  agents 
a(5ling  in  too  high  a  degree.    Thus,  too 

^  large  a  quantity  of  aliment  vjrill,  in  a  cer- 
tain period,  produce  debility.  The  fame 
effedl  more  rapidly  follows  too  free  a  ufe 
of  the  artificial  ftimulants,  as  alcohol,  or 
any  fubftanee  containing  it.  And  if  the 
total  abltradlion  of  the  healthful  agents 
will  quickly  annihilate  the  excitement,  or 
deftroy  life  ;  fo  alfo  the  fame  agents,  ope- 
rating 
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rating  in  an  extreme  degree,  and  more 
efpecially  the  artificial  flimuli,  will  quick- 
ly fo  much  derange  the  organization,  that 
the  animal  fund:ions  can  no  longer  be 
carried  on. 

There  is,  however,  a  material  difierence 
in  the  firll:  efFed;s  produced  on  the  body  m 
thefe  two  cafes,  although  they  both  ter- 
minate  by  producing  a  debilitated  organi- 
zation, which  feem  in  no  refpedl  to  difFer, 
A  fmall  abflracflion  of  the  natural  agents 
produces  a  flow,  and,  perhaps,  for  fome 
time,  an  almoft  imperceptible  wafte  of 
the  fyftem ;  and  the  animal  fibre  is  gra^ 
dually  debilitated.  A  fmall  increafe  be- 
yond the  due  proportion  of  the  healthfui 
agents,  or  a  moderate  ufe  of  the  artificial  ^ 
flimuli,  caufes,  for  a  fhort  period,  an  in- 
creafed  vigour  of  body,  and,,  in  moft  in* 
ftances,  an  increafed  acceffion  of  matter 
to  the,  fyftem.  But  if  the  pradlice  is  con* 
tinued,  and  more  efpecially  if  the  excefs 
of  ftimvilus  is  encreafed,  a  debilitated  or- 
ganization infallibly  enfues.  In  the  filial 
efFeds  arifing  from  thefe  two  oppoiice 

caufes, 
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caufes,  we  perceive  no  difFerence. 
the  firft,  debility  may  flowly  commence, 
and  gradually  increafe,  in  proportion  to 
the  degree  in  which  the  necefTary  agents 
are  abltra<5led,  till,  if  not  prevented  by 
the  proper  remedies,  the  organization  is 
totally  deranged,  and  death  follows  :  and 
during  the  progrefs  of  this  debilitated 
Hate,  from  the  increafed  weaknefs,  the 
body  becomes  daily  more  fufceptible  of 
the  adtion  of  ftimuli.  By  the  fecond,  a 
degree  of  vigour  in  the  organization ,  is 
certainly,  in  the  firft  inftance,  produced: 
but  by  the  continued  adlion  of  too  power- 
ful ftimuli,  the  organization  becomes  de- 
ranged, debility  enfues,  and  the  fyftem, 
as  in  the  former  cafe,  becomes  daily  more 
fufceptible  of  the  adlion  of  ftimuli.  The 
ftates  of  diredl  and  indiredl  debility,  as 
they  have  been  called,  when  the  latter  is 
fully  eftabliftied,  appear  not  to  differ  in 
their  nature.  And  hence  it  feems  a  fair 
conclufton,  that  the  tnethod  of  cure,  in 
both  cafes,  ought  to  be  the  fame.' 

That  the  debility  induced  by  the  adllon 

of 
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of  too  powerful  ftimuli,  differs  not  from 
that  which  follows  the  abftradlion  of  the 
neceffary  agents,  may  be  further  proved, 
by  the  well-known  effedls  of  the  more 
powerful  artificial  ftimuli.  We.  have  al- 
ready hinted  at  this,  and  may  here  farther 
obferve,  that  we  perceive  no  accumula- 
tion of  the  excitability  when  a '  perfon  is 
indulging  in  ftrong  liquors  even  to  intoxi- 
cation. But  no  fooner  has  the  operation 
of  the  ftimulant  ceafed,  than  we  perceive 
a  debilitated  organization,  in  proportion 
to  the  excefs  in  which  the  ftimulus  has 
been  employed  ;  and  this  debility  is  uni- 
formly accompanied  with  a  higher  fuf^ 
ceptibility  of  the  adlion  of  ftimuli.  It 
does  not,  therefore,  feem  true,  in  fadt, 
that  the  debility  which  follows  the  excef- 
iive  ufe  of  ftimulants  arifes  from  an  ex- 
hauftion  of  the  excitability  :  It  is^  true, 
that  an  extreme  dofe  of  alcohol  or  other 
ftimulants  will  at  once  deftroy  the  excita- 
bility and  excitement ;  but  the  fame  efFe(fl 
will  follow  from  the  total  abftradlion  of 
the  healthful  agents.    In  almoft  all  cafes 

the 
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the  debility  induced  by  the  exceflive  ac- 
tion of  ftimuli,  is  certainly  accompanied 
with  a  greater  fufceptibility  of  the  adion 
even  of  the  ftimulant  which  has  produced 
the  debility.  It  muft,  however,  be  ad- 
mitted, that  opium  furnifhes  a  contrary 
example  :  for  as  far,  we  believe,  as  obfer- 
vation  has  hitherto  gone,  it  appears,  that  - 
in  the  continued  ufe  of  this  drug,  an  in- 
creafed  dofe  will  always  be  neceffary  to 
produce  the  ufual  degree  of  excitement. 
Yet  even  in  this  cafe  it  is  certain,  that  a 
confbitution  debilitated  by  the  ufe  of  o- 
pium,  acquires  an  increafed  fufceptibility 
to  the  adiion  of  other  ftrong  ftimuli :  And 
the  only  conclufion  that  we  Can-  rationally 
draw  from  the  fa<fl:,  that  the  dofe  of  o- 
pium  muft  be  -perpetually  increafed,  i^, 
that  .various  ftimuli  differ,  not  only  in 
their  degree,  but  alfo  in  their  mode  of  o- 
peration. 

We  may  now  conclude  this  view  of 
the  principle  of  excitability  with  the  fol- 
lowing obfervations,  which  feem  clearly 
to  refult  from  the  fads  already  ftated. 

Firft, 
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Firft,  The  efFedts  of  ftimuli  upon  the 
animal  body,  are,  generally  fpeaking,  in 
proportion  to  the  vigour  of  the  organiza- 
tion. Hence,  in  the  rniddle  period  of  life, 
the  animal  fibre  cail  full ain  the  a6lion  of 
thofe  ftimuli  which  in  childhood  or  old  ' 
age  would  produce  death. 

Secondly,  As  the  natural  effedl  of  all 
ftirtiuli,  and  even  of  the  mildeft  healthful 
agents,  is  ultiitiately  to  derange  and  de- 
.  bilitate  the  organization,  it  feerns  obvi- 
ous that  fuch  debility  cannot  be  removed, 
but  muft  be  increafed,  by  a  free  vife  of 
powerful  ftimuiants.  The  natural  me- 
thod of  removing  debility,  in  every  cafe, 
furely,  is  by  employing  in  due  pro- 
portion the  necelTary  healthful  agents, 
particularly  aliment.  ^The  judgement  of 
the  prac5titiorier  flioiild  be  chiefly  empl6y- 
ed  in  the  choice  of  the  moil  nutritious 
and  eafily  digefted  fubftances.  The  ufc 
of  ftrong  flimulants,  in  a  very  moderate 
degree,  is,  no  doubt,  admifTible  j  but 
their  only  Ufc'Can  be,  to  excite  the  adlion 
of  the  flomach  and  iriteflitie^,  afi^  to  give 
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ja  temporary  vigour  to  the  fyftem,  which 
is  favourable  to  the  digeftive  procefa. 
The  opinion  which  has  been  held  out, 
that  the  accumulated  excitability,  fuppo- 
fed  to  exift  in  cafes  of  dire6t  debility,  muft 
be  removed  or  wafted  by  the  ufe  of  power- 
ful ftimulants,  has  led  to  an  extremely 
dangerous  pradlice.  Can  it  be  reafon- 
ably  fuppofed,  that  the  extreme  debility, 
which  in  -many  cafes  is  almoft  inftan- 
taneoufly  produced  by  the  contagion  of 
typhus,  is  to  be  removed  by  fuch  a  quan- 
tity of  ftrong  ftimulating  liquors,  opium, 
8cc.  as  would  exhauft  and  debilitate  the 
moft  vigorous  conftitution  in  the  highefl 
Jl^te  of  health  ? 

Thirdly,  If  an  exceilive  ufe  of  power- 
ful ftimuli  exhaufts  the  excitability,  it 
would  naturally  follow,  that  in  the  cure 
of  indire(5t  debility  all  ftimuli  fliould  be 
withdrawn,  except  thofe  of  the  loweft 
degree,  that  the  diminiflied  excitability 
may  again  accumulate.  Yet  even  here, 
the  higheft  ftim^lus.  has  in  the  firft  in^ 
fiance-  been  propofed,  with  the  view,  in- 
deed, 
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deed,  of  gradually  diminifliing  it.  The 
total  abflraclion  of  ftrong  ftimuli  may 
perhaps  be  improper  :  fiut  certainly  the 
ufe  of  that  power,  in  the  fame,  or  nearly 
the  fame  degree  by  which  the  difeafe  wa^ 
produced,  can  only  augment  the  difeafe. 

Fourthly,  It  has  been  very  generally 
fuppofed,  that  the  animal  body  is  not 
only  fubjedl  to  difeafes  of  debility,  but 
alfo  to  difeafes  of  over  much  ftrength,  or 
the  fthenic  diathefis,  as  it  has  been  term- 
ed ;  and  this  ftate  is  faid  to  be  produced 
by  the  ufe  of  various  ftimuli  in  too  great 
a  proportion.  But  as  it  is  indifputable^ 
that  all  ftimuli  exhauft  and  debilitate  the 
organization,  is  it  not  to  be  fufpedled  that 
this  diathefis  has  no  exiftence  in  nature  ? 
For  if  debility  immediately  fucceeds  the 
operation  of  ,a  powerful  ftimulus,  how 
can  the  fthenic  diathefis  be  fuppofed  to 
exift  after  the  ftimulus  has  ceafed  to  a^l  I 
Befides,  it  feems  a  little,  incongruous  in 
language  to  call  the  higheft  ftate  of  health 
a  difeafe.  Perhaps  it  would  not  be  \iiifir. 
cidt  to  explain  the  nature  of  thofe  difeafes 

0^2'  which 
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which  have  been  ranked  in  this  clafs  upon 
very  different  principles,  and  to  prove  that 
they  are  the  effe6l  of  a  debilitated  organi- 
zation. But  we  leave  the  conlideration 
of  this  point  at  prefent,  and  only  fuggefl, 
that  at  leaft  it  deferves  fome  attention. 

The  modifications  to  which  the  animal 
organization  is  liable,  and  by  which  the 
excitability  of  the  body  appears  to  be  in- 
creafed  or  diminillied,  and  the  powers  of 
life  or  excitement  rendered  more  or  lefs 
vigorous  or  languid,  are  extremely  vari- 
ous, nor  is  it  perhaps  poffible  to  reduce 
them  to  general  principles.  Thefe  effects 
evidently  follow  the  a(5lion  or  abftra6lion 
of  the  different  agents  we  have  already 
mentioned ;  and  to  a  brief  confideration 
of  which  we  now  proceed,  in  the  order 
formerly  flated.  In  treating  of  thefe 
agents,  we  fliall  have  occafion  to  fhow, 
that  although  the  greater  part  of  them 
undoubtedly  poffefs  a  flimulant  power, 
yet  many,  and  perhaps  all,  operate  alfa 
upon  different  principles,  by  which  va- 
rious 
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rlous  alterations  are  produced  in  the  ani- 
mal fibre. 

We  begin  with  the  confideration  of 
heat :  and  at  prefent  we  confine  onrfelves 
to  external  heat,  or  the  effedls  produced 
upon  the  .body  by  the  temperature  in 
which  it  is  placed. 

It  is  unneceflary  here  to  point  out  the 
nature  or  fources  of  heat :  nor  fhall  we 
enter  into  any  difcuflion  of  the  queftion. 
Whether  heat  is  a  fpecies  of  matter  really 
exifting,  or  whether  it  is  merely  a  modi- 
fication of  matter  ?  There  are  fufficient 
reafons  to  induce  us  to  afTume  the  former 
opinion.  Fron^  a  variety  of  fadls  \Ve  can 
fcarcely  avoid  concluding,  that  there  ex- 
ifts  in  nature  a  fpecies  of  matter  Jiii  gene- 
risy  and  which  appears  to  be  a  fubtile  e- 
laftic  fluid,  to  the  .operation  and  various 
modifications  of  which  we  mud  afcribe  all 
the  phenomena  of  heat.  This  fluid  has 
received  the  diflincliye  name  of  caloric 
from  the  modern  chemifts. 

That  the  operation  of  the  caloric  is  ef- 
fential  to  the  production  and  continuance 

of 
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of  life  in  all  organized  bodies,  is  too  obvi-c 
0U8  to  require  particular  proof.  With 
refpedl  to  the  human  race,  the  range  of 
temperature  favourable  to  health  is  pro- 
bably between  the  3 2d  and  80th  degrees 
of  the  fcale  of  Fahrenheit ;  and,  generally 
fpeaking,  the  middle  point  between  thefe 
is  the  moft  favourable  to  health.  But  in 
proportion  aS  the  temperature  recedes,  i.  e. 
if  it  finks  below  32'^,  or  rifes  above  80% 
it  becomes  injurious  to  health,  and  de- 
llrudlive  to  life.  But  by  feveral  wife  pro- 
vifions  in  the  ceconomy  of  nature,  and  e- 
fpecially  from  habit,  individuals  are  en- 
abled* to  bear  confiderable  variations  of 
temperature^  without  much  injury. 

As  the  temperature  induced  in  the  ani- 
mal body,  by  the  svolutioh'of  the  caloric 
in  the  refpiratory  procefs,  is  iri  the  health- 
ful ftate  from  96°  to  100°  ;  and  as  tlie  me- 
dium which  we  inhabit  is  almoft  always 
below,  and  generally  very  much  below 
that  temperature ;  it  is  plain  that  we  do 
not  receive  heat  from  the  furrounding  at- 
uiofphere,  nor  from  any  other,  fubftance, 

unkfs 
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unlefs  it  is  of  a  higher  temperature  than 
our  bodies :  And  as,  to  preferve  the  health- 
ful ftate,  it  is  not  neccfTary  that  the  tempe^- 
rature  of  the  medium  in  which  the  body 
is  placed  fhould  be  above  60°,  it  is  plain 
that  the  animal  body  requires  no  addition- 
al fupply  of  the  caloric  from  external  fub- 
ftances.  Hence  it  follows,  that  the  bene- 
ficial or  injurious  effecfls  derived  from  the 
temperature  of  the  atmofphere,  arife  from 
the  furrounding  fiibftances  abftradling  in 
too  great  or  too  low  a  degree  the  caloric 
from  the  fyftem. 

The  operation  of  fuch  external  heat  upon 
the  body  is  therefore  only  negative.  But  the 
vifible  eflFedis  which  variations  of  tempera- 
ture produce  upon  all  organized  fubftan^ 
ces,  compel  us  to  include  external  heat  in 
the  lift  of  agents  which  adl  upon  the 
body.  Thefe  effedls  are  obvioufly  ftimu- 
lating.  Numberlefs  fadls  fupport  this  po- 
fition.  The  diminifhed  temperature  at,  the 
clofe  of  autumn,  and  during  winter,  feefns 
.to  extinguifh  life  in  almbft  all  the  vege- 
table kingdom.  The  cheering  rays  of  the 
fun  in  the  returning  fpring  re-excite  the 
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a(5lion  of  the  vegetable  fibre ;  the  fap  ri- 
les, ihd  new  parts  are  evolved.  Some- 
thing llmilar  to  this  is  obferved  alfo  in 
tliofe  animals  which  remain  in  a  torpid 
ftate  during  winter,  and  which  revive  with 
the  increafed  temperature  of  fpring  :  *And 
tlie  experience  of  each  individual  of  the 
human  race,  will  fiifficiently  teflify  the  ge- 
nial influence  of  heat  in  promoting  a6lion 
ill  the  organization  of  the  body.  The  ex-  ^ 
periments  of  Spalanzani  fliow  that  the  ac- 
tion of  the  caloric  is  not  only  neceflary  to 
the  produdlion  of  life,  but  that  the  hatching 
procefs  may  be  accelerated  by  an  increale 
of '  temperature  within  a  certain  degree. 
Thus  the  evolution  of  the  tadpole  from 
the  ovum  of  the  frog  is  haftened  by  an  in- 
cteafe  of  temperature.  In  like  manner,  thfe 
produt5tion  of  life  in  the  chick  in  ovo  is. 
accelerated  by  placing  the  eggs  in  a  tem- 
perature fomewhat  higher  than  that  com- 
municated by  the  paricnt  animal. 

Such  however  i'fe  the  flrudlure  of  the  a- 
nimal  organization,  that  to  preferve  the 
vigorous  and  healthful  ftate,  the  caloric 

muft 
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mufl  be  applied  to  it  only  in  a  certain  proj 
portion.  There  is,  as  we  have  already  faid^ 
a  range  of  temperature  favourable  to  life  5 
and  the  middle  point  of  this  range,  i. 
from  55°  to  60®,  feems  moft  conducive  to 
the  vigour  of  the  fyllem.  The  extremes 
of  climate  in  the  habitable  world  are  e- 
qually  unfavourable  to  the  perfedlion  of 
the  animal,  and  to  the  healthy  ftate.  At 
the  medium  temperature  which  we  have 
mentioned,  the  furplus  of  that  heat,  which 
is  perpetually  evolving  in  the  refpiratory 
procefsj  is  duly  carried  offj  and  there 
feems  to  be  at  this  point  a  happy  propor- 
vtion  cftablifhed  between  the  adlion  of  the 
caloric  and  the  animal  fibre.  But  in  pro- 
portion as  the  degree  of  temperature  re* 
cedes  from  this  point,  we  have  reafon  to 
infer  that  it  becomes  injurious;  becaufe 
debility  is  induced  by  the  extremes  of  heat 
and  cold.  Now,  if  this  efFedl  follows  ei- 
ther extreme,  every  degree  of  deviation 
from  the  middle  point  muft  be  propor- 
tionally injurious.  And  injurious  effedts 
would  certainly  follow  every  deviation 
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from  this  middle  point,  were  it  not  for 
thofe  provifions  in  the.oeconomy  of  nature 
at  which  we  have  already  hinted,  by 
which  the  human  body  can  accommodate 
itfelf  t  ^  a  ver^f  extenfive  range  of  tempe- 
rature. 

The  eiFe(5ls  of  the  caloric,  however,  arc 
like  thofe  of  all  other  necelFary  flimuli : 
If  adling  in  too  great  a  proportion,  debi- 
lity fucceeds  ;  and  if  abftra(5ted  in  too  great 
a  degree,  a  weakened  ftate  of  the  organiza- 
tion inevitably  follows.  The  latter  of  thefe 
may  'be  termed  an  accumulated,  and  the 
former  an  exhaufted  excitability:  But  in 
fadl  we  fee  no  material  difference  in  the 
ftate  of  the  organization  produced  in  ei- 
ther cafe.  Nay,  precifely  the  fame  effetfls 
will  in  fome  inftances  follow  thefe  oppofite 
caufes.  A  high  temperature,  or  a  very 
low  one,  will  equally  induce  fleep<!-  -This 
partial  fufpenfion  of  the  animal  funcSlions 
feems  plainly  to  indicate  a  diminution  of 
the  excitability  ;  and  when  this  ftate  is 
produced  by  the  ftimulus  of  heat,  we 
ftiould  perhi^ps  be  'in  Cto  iliifpence  to  fay, 

that 
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that  tlie  excitability  was  exhaufted  by  the 
adlion  of  the  caloric.  But  mufl  we  not, 
upon  the  fame  principles,  infer,  that  the 
excitability  is  exhaufted  when  fleep  is  in- 
duced by  too  great  an  abftradlion  of  heat  ? 
we  are  however  rather  difpofed  to  con- 
clude, that  a  debilitated  ftate  of  the  orga- 
nization is  in  both  cafes  induced,  which 
differs  not  in  its  nature,  and  can  only  be 
removed  by  the  fame  means,  viz,  the  body 
being  gradually  reftored  to  a  medium  tem- 
perature. 

It  is  well  known,  that  the  continiied  ab- 
ftradlion  of  heat  in  the  high  northern  lati- 
tudes, concurring  with  other  caufes,  con- 
liderably  accelerates  the  produ(5tton  of  that 
ftate  of  debility  which  conftitutes  fcurvy. 
In  like  manner,  the  exceffive  a<5lion  of  tl^e 
caloric  in  the  torrid  zone,  aflifted  no  doubt 
by  other  caufes,  produces  difeafes  of  de- 
bility, which  di'ffer  indeed  in  their  form, 
but  perhaps  not  much  in  their  nature,  from 
thofe  which  follow  the  abftradtion  of  heat. 
It  is  equally  well  known,  that  either  the 
excelTive  adion,  or  the  abftradlion  of  the 
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caloric,  will  facilitate  the  formation  of  ty- 
phus fever.  From  this  fimilarity  of  eflreds 
we  cannot,  with  any  propriety,  infer  an 
exhauftion  of  the  excitability  by  the  ex- 
ceffive  adtion,  or  an  accumulated  excita- 
bility by  the  abftra(5tion  of  the  caloric  ;  but 
we  clearly  perceive  a  debilitated  organiza- 
tion arifing  from  both  caufes,  and  which, 
we  are  difpofed  to  think,  can  only  be  re- 
moved, under  all  its  various  forms,  by 
nearly  the  fame  means. 

From  this  general  view  of  the  effedls  of 
external  heat  upon  the  animal  body,  we 
fhould  be  .inclined  to  fuppofe  that  the 
caloric  is  a  fimple  ftimulant,  i.  e.  that  it 
does  not,  like  aliment,  communicate  new 
matter  to  the  fyftem,  but  operates  upon 
the  animal  fibre  merely  by  its  ftimulant 
quality.  But  upon  a  fubjedl  of  this  kind 
it  is  neceffary  to  fpeak  with  caution.  We 
are  little  acquainted  with  many  of  the 
operations  which  take  place  in  the  animal 
ceconomy.  We  cannot  fay  what  modifi- 
cations the  caloric  may  undergo  in  the  bo- 
dy, or  into  what  new  cojnbinations  it  may 

pnter. 
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enter.  There '  are  many  reafons  which 
may  iaduce  us  to  believe  th^t  the  caloric 
received  into  the  body  enters  into  chemi- 
cal combination  with  other  matters,  fo  as 
to  be  changed  into  the  latent  ftate  or  com- 
bined caloric  of  the,  modern  chemifts. 
Hence  it  may  be  fuppofed  to  form  a  con- 
ftituent  of  the  body  ;  and  in  that  cafe, 
even  this  apparently  fimple  ftimulus  will 
afford  an  additional  proof,  that  the  differ- 
nt  agents  which  operate  upon  organized 
bodies,  do  not  a6l  merely  as  ftimuli. 

It  is  probable  that  the  phenomena  of 
light  are  produced  by  a  modification  of  the 
caloric.  This  therefore  appears  to  be  the 
moft  proper  place  to  introduce  a  few  ob- 
fervations  on  the  effedls  of  light  upon  or- 
ganized matter.  Light  indeed  does  not 
appear  effentially  neceflary  to  the  produc- 
tion or  continuance  of  animal  or  vegetable 
life  ;  for  we  find  that  the  vegetating  procefs 
may  be  carried  on,  and  animal  life  is 
preferved  in  the  healthy  ftate,  although 
light  is  wholly  abftradled.    Yet  this  fub- 

ftance  is  one  of  the  common  agents,  which 
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adl,  generally  fpeaking,  upon  all  the  lndi« 
vidnals  of  the  animal  and  vegetable  king- 
doms. But  we  are  perhaps  lefs  acquainted 
with  the  efFe(5l&  produced  by  light,  than 
thofe  almoft  of  any  other  agent. 

With  regard  to  the  vegetable  kingdom, 
it  4s  clear  that  the  colour,  odoiu',  tafte,  and 
combuftibility,  are  to  be  attributed  in  a 
great  meafure  to  the  acflion  of  light.  Thefe 
qualities  generally  depend  on  the  prefence 
of  Volatile  oils :  And  we  find,  that  vege- 
tables, which  are  natives  of  the  warm- 
er climates,  and  which  confequently  en- 
joy a  greater  proportion  of  light  than  thofe 
of  other  regions,  pofTefs  thefe  qualities  in 
the  higheft  degree.  ■  It  is  certain,  then, 
that  plants  undergo  very  confiderable  al- 
terations with  refpedl  to  their  conftituents, 
in  proportion  to  the  degree  in  which  they 
are  expafed  to  the  operation  of  light. 

The  efFedts  of  light  upon  animals  are  by 
no  means  fo  obvious  as  upon  vegetables : 
Yet  we  obferve,  that  even  the  colour  of  a- 
nimals  is  in  fome  degree  afFedled  by  the 
operation  of  this  fluid.    Animals  wholly 

deprived 
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deprived  of  light  are  changed  to  white. 
Such  is  the  effedl  produced  on  the  hair  of 
animals  during  the  long  night  of  ;the:. arc- 
tic circle.  A  fimilar  efFedl  has  alfo "  been 
obferved  upon  thofe  animals  of  other  re- 
gions which,  during  a  part  of  the  year,  fe- 
clude  themfelves  from  the  light.  Gene- 
rally {peaking,  the  colour  of  the  human 
race  varies,  €rom  jet  black  to  the  faired 
complexion,  in  proportion  as  they  are  ex- 
pofed,  in  a  greater  or  lelFer  degree,  to  tlie 
adlion  of  light.  Other  caufes  may  proba- 
bly alfo  contribute  in  producing  all  the 
different  lhades  of  colour,  from  that  of  the 
Negro  to  the  Briton  or  the  Dane  ;  but  the 
operation  of  light  cannot  be  excluded.  It 
is  probable  therefore  that  the  conftituents 
of  animal  bodies,  as  well  as  thofe  of  Vege- 
tables, are  varied  by  the  agency  of  light. 

In  confequence  of  its  phyfical  proper- 
ties, light  has  a  very  confiderable  effedl 
/upon  mankind.  By  producing  the  phe- 
nomena of  vifion,  it  becomes  an  agent  for 
communicating  a  great  variety  of  ideas  tct 
the  mental  faculty.    It  may  from  hence 

be 
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be  the  means  of  awaking  either  the  agree* 
able  or  tieprefling  paffions  :  But  theie  ef- 
fe(5ls  are  rather  to  be  afcribed  to  the  objedl' 
which  the  light  prefents  to  the  mind,  than 
to  the  operation  of  light  itfelf. 

The  fimple  operation  of  light  upon  or- 
ganic matter  appears  to  be  that  of  a  mild 
and  agreeable  ftimulant.  Hence  the  plea- 
fing  fenfation,  the  cheerfulnefs  of  fpirit, 
which  every  one  experiences  from  the 
flrong  folar  light  of  a  fine  day.  It  may 
indeed  be  fiippofed,  that  heat  alfo  aflifts 
in  producing  that  hilarity  we  feel  in  fine 
weather :  and,  in  fome  meafure,  perhaps 
this  is  true.  But  every  one  almod  is  fen- 
fible  of  a  fuperior  degree  of  cheerfulnefs 
under  a  clear  flcy,  in  the  coldeft  day,  a- 
bove  that;  induced  by  a  warmer  tempera- 
ture, when  the  hemifphere  is  clouded.  A 
fimilar  eflPe<5l  is  alfo  produced  in  a  certain 
degree  by  a  ftrong  artificial  light,  fuch  as 
the  fplendid  illuminations  of  a  theatre  or 
a  ball-room. 

The  ftimulatUig  quality  of  light  is  prin- 
cipally feen  from  its  effeds  upon  the  eye ; 

and 
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and  in  the  operation  of  light  upon  this 
organ,  we  may  trace  all  the  ufual  efFedls  of 
flimuli.   If  totally  abftradled,  the  fight  be- 
comes weak  5  an  apparent  increafe  of  .ex- 
citability feems  to  be  prefent ;  for  the  eye 
cannot  bear  the  action  of  a  ftrorig  light. 
But  by  the  power  of  habit,  as  is  the  cafe 
with  other  flimuli,  the  organ  becomes  lefs 
fenfible  of  the  operation  of  this  agent. 
Thus,  as  we  have  formerly  hinted,  perfona 
who  have  accuftomed  themfelves  to  ex- 
clude the  light  from  their  chambers,  can- 
not fleep  if  it  is  admitted,  although  the 
fyftem'  has  undergone  the,  ufual  exhauf« 
tion  from  the  labours  of  the  day.  Others, 
again,  fall  into  the  ftate  of  fleep  notwith- 
ilanding  light  is  prefent,  provided  they 
have  habituated  themfelves  to  its  adlion 
during  the  period  of  fleep.    The  former 
alfo  do  not  find  fle^p  prevented  by  the  ad- 
miffibn  of  light,  if  they  have  been'  more 
than  ordinarily  exhaufted  by  exercife.  To 
perfons  whofe  eyes  are  weak,  the  ftirnulus 
of  li^ht  is  often  extremely  injurious.  Its 
adion,  when  extreme,  like  that  of  other 

S  ftimu- 
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ftimulants,  will  totally  derange  the  orga- 
nization. Thus  blindnefs  has  frequently 
been  induced  by  the  long-continued  ac- 
tion of  a  flrong  folar  light. 

Adlual  obfervation,  as  well  as  analogy, 
fhows  that  a  certain  proportion  of  light  is 
neceflary  for  the  animal  oeconomy.  The 
increafed  or  diminiflied  adlion  of  this 
fluid,  does  not  indeed  produce  injurious 
cflFetSls  equal  to  thofe  which  follow  the  ab- 
ftradlion,  or  extreme  a6lion,  of  fome  other 
ftimulants :  but  we  find  the  total  abftrac- 
tion  of  light  produces  a  debilitated  orga- 
nization, both  in  animals  and  vegetables ; 
and  the  deftru(5lion  of  the  power  of  vifion 
is  the  moft  violent  effeft  of  the  extreme 
adlion  of  this ,  agent :  yet  its  operation  ifi 
not  folely  confined  to  the  organ  of  vifion, 
but,  as  we  have  already  faid,  it  is  alfo  ca- 
pable of  varying  and  modifying  the  con- 
ftituents  of  bodies.  In  fhort,  light  ap- 
pears to  be  a  powerful  agent,  which,  by 
its  ftimulant  property,  produces  a  variety 
of  changes  upon  organic  matter.  If  its 
operation  is  not  abfolutely  eflential  to  the 

produdlion 
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^rodudllon  and  continuance  of  life,  yet 
its  prefence  is  adlually  neceflary  to  efFecfl  a 
variety  of  purpofes  in  the  ceconomy  of 
nature,  by  which  Hfe  is  rendered  much 
more  agreeable  than  it  could  have  been 
without  this  agent. 

The  third  agent,  to  the  confideration  of 
which  we  proceed,  is  Air.  It  is  a  general 
fa<5l,  that  air  is  neceflary  for  the  produc- 
tion and  continuance  of  life  in  all  organi- 
zed fubftances,  whether  animal  or  vege- 
table. Neither  animal  nor  vegetable  life, 
therefore,  can  be  preferved  long  in  vacuo  ; 
but  it  is  a  recent  difcovery,  which  we  owe 
to  modern  chemiftry,  that  it  is  oxyge- 
nous gas,  one  of  the  conftituents  of  atmo- 
fpheric  air,  which  is  alone  fo  peculiarly 
important  to  the  animal  ceconomy. 

Atmofpheric  air  appears  to  be  formed 
of-two  conftituents  of  very  diflimilar  pro- 
perties, the  azotic  and  oxygenous  gafes. 
The  bales  of  thefe  two  gafes,  viz.  azote 
and  dxyg^ne,  enter  into  the  compofition 
of  animal  ^nd  vegetable  fubftances.  By  a 
yariety  of  operations,  which  it  would  be 
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improper  for  us  here  to  detail,  we  can  fe- 
parate  the  oxygene  from  atmofpheric  air ; 
and  we  can  obtain,  from  a  great  number 
of  other  fubftances,  both  the  azotic  and 
the  oxygenous  gafcs.  In  atmofpheric  air 
the  proportions  are  feventy-two  of  azotic, 
and  twenty-eight  of  oxygenous  gas. 

It  is  now  well  known,  that  combuftion 
is  fuppbrted  by  the  oxygenous  part  a- 
lone  of  atmofpheric  air ;  or,  more  ftri(5l- 
ly  fpeaking,  that  combuftion  confifts  in 
the  union  of  oxygene  with  the  fubftance 
burnt.  Different  fpecies  of  matter, 
therefore,  are  more  or  lefs  inflammable, 
in  proportion  to  their  affiiiity  with  oxy- 
gene. Animal  refpiration  appears  to  be  a 
procefs  extremely  analogous  to  combuf- 
tion. The  fame  change  is  produced  up- 
on the  air  during  refpiration,  as  in  the 
combuftion  of  carbonaceous  matter. 

For  the  performance  of  the  important 
function  of  refpiration,  nature  has  fup- 
.  plied  the  human  race  with  an  organ 
pf  the  moft  curious  ftrudlure,  in  every 
part  pf  which  we  fee  the  moft  ftriking 

proofs 
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proofs  of  wifdom  in  the  contrivance.  It 
is  unneceflary  here  to  enter  into  a  minute 
defcription  of  the  various  methods  em- 
ployed in  the  ftrudture  of  the  lungs,  by 
which  the  introdudlion  and  expulfion  of 
the  air  is  facihtated, — by  which  the  air  is 
brought  in  contadi  with  the  numerous 
ramifications  of  the  arteria  pulmonis, — 
and  by -which  all  the  purpofes  of  refpira- 
tion  are  efFedted.    It  is  fufficient  tp  ob- 

I 

ferve,  that  the  fubftance  of  the  lungs  is 
formed  of  a  vaft  number  of  rnembranous 
cells,  and  of  three  kinds  of  veflels,  to 
which  we  may  add  nerves.  The  whole 
of  thefe  ve'fTels  and  nerves  are  interfpeTfed 
among  the  cells,  forming  innumerable  ra- 
mifications. The  vefTels  of  the  lungs  are, 
the  bronchia,  or  air- vefTels, — the  pulmo- 
nary arteries  and  veins, — 'the  bronchial 
arteries  and  veins, — and  the  lymphatics. 

From  experiments  which  can  eafily  be 
performed  on  the  humaa  race,  as  well  as 
other  animals,  it  appears  that  thofe  fpe- 
cies  which  are  provided  with  lungs  refpire 
only  in  confequence  of  the  oxygenous  gas 

contaiued 
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contained  in  atmofpheric  air;  and  the 
fundlion  of  refpiration  is  excrcifed  with 
greater  vigour,  in  proportion  to  the  quan- 
tity of  oxygenous  gas  contained  in  the  air 
refpired.  Any  other  gafeous  fluid,  in 
which  there  is  none  of  this  pure  air,  is 
totally  unfit  for  refpiration,  and  will  in  a 
longer  or  fhorter  period  deftroy  life,  in 
proportion  to  the  nature  of  the  gas,  and 
the  ftrength  and  habits  of  the  animal 
which  refpires  it. 

During  the  refpiration  of  atmofpheric 
air,  two  very  important  circumftances  arc 
obfervable.  Firft,  A  quantity  of  air  dif- 
appears ;  and  fecondly.  The  air  which  is 
expired  differs  materially  from  that  which 
was  infpired.  Both  ,  of  thefe  circumftan- 
ces are  to  be  accounted  for  from  the  fame 
caufe, — the  change  which  takes  place  in 
the  air  during  refpiration.  The  atmo- 
fpheric air  wrhich  we  inhale,  is  a  mixture, 
as  we  have  already  faid,  of  feventy-two 
parts  of  azotic,  and  twenty-eight  of  oxy- 
genous gas.  The  air  which  is  expired, 
when  reduced  to  the  temperature  of  the 
'  atmofphere, 
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Atmofphere,  is  confiderably  diminiflied  in 
bulk  ;  and  it  is  now  found  to  confift  ot 
the  azotic,  carbonic  acid,  and  oxygenous 
gafes.  The  azotic  gas  of  atmofpheric  air 
is  returned,  in  expiration,  undiminiflied 
in  quantity,  and  unchanged  in  quality  ; 
a  confiderable  proportion  of  the  oxyge- 
nous gas  has  difappeared,  and  a  quantity 
of  the  carbonic  acid  gas  is  found,  which 
was  not  prefent  in  the  air  which  was  in- 
fpired. 

Upon  the  whole  it  appears,  tiiat  during . 
refpiration  no  alteration  takes  place  i^pon 
the  azotic  gas  contained  in  atmofpheric  air ; 
it  is  expelled  in  the  fame  flate  and  quan- 
tity in  which  it  was  received,  A  confi- 
derable proportion  of  the  oxygenous  part 
of  the  air  difappears,  and  a  large  quantity 
of  the  carbonic  acid  gas  is  produced. 
From  hence  we  may  conclude,  that  a  pro- 
'cefs  precifely  fimilar  to  combuftion  takes 
place,  either  in  the  refpiratory  organ,  or 
throughout  the  animal  body.  The  carbo- 
lic acid  gas  is  beyond  difpute  a  product 
©f  combuftion.    Now,  the  difappearance 

of 
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of  the  oxygenous,  and  the  evolution  of 
the  carbonic  acid  gas,  can  only  be  ac- 
counted for  upon  one  or  other  of  the  fol- 
lowing principles  :  Firft,  It  may  be  fup- 
pofed,  that  a  flow  combuftion  of  carbo- 
naceous matter  takes  place  on  the  internal 
furface  of  the  lungs,  by  which  the  whole 
of  the  oxygenous  gas  which  difappears, 
is  changed  into  the  ftate  of  carbonic  acid 
gas  ;  or  feco^dly.  Perhaps  the  oxygenous 
gas  which  difappears,  is ,  abforbed,  and 
conveyed  into  the  circulating  jfluids,  and 
during  the  courfe  of  circulation  is  united  • 
with  carbonaceous  matter,  forming  the 
carbonic  acid  gas,  and  which  is  exhaled 
from  the  lungs  during  refpiration.  Be- 
tore  we  attempt  to  give  any  determination 
upon  this  fubje^l,  it  is  neceffary  to  con- 
fider  what  efFeds  are  produced  on  the 
blood  by  the  relpiratory  fund^ion.  Thele 
are  chiefly  two;  firft,  the  colour  of  the 
blood  is  changed ;  and  fecondly,  heat  is 
evolved.  It  has  long  been  known,  that 
the  arterial  blood  poffeiTes  a  bright  vermi- 
lion colour,  and  tliat  the  venous  is  much 

darker, 
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darker,  in  fome  cafes  approaching  nearly  to 
blacknefs.    Now,  it  is  obferved,  that  the 
dark-coloured  venous  blood,  tranfmitted 
by  the  arteria  pulmonis,  undergoes  a  con- 
fiderable  change  in  its  colour  when  in  the 
lungs  ;  fo  that  the  blood  which  is  return- 
ed by  the  pulmonary  veins  poflelTes  a 
bright  vermilion  hue.     A  fimilar  effect 
is  produced  upon  the  venous  blood  when 
expofed  to  atmofpheric  air.    After  it  has 
flood  for  a  while,  we  obferve  it  to  acquire 
a -more  florid  colour.    This  effedl  is  pro- 
duced with  more  rapidity,  if  the  venous- 
blood  is  placed  in  contadl  with  oxygenous 
gas  :  The  vermilion  colour  is  quickly  in- 
duced ;  and  a  fimilar  change  is  produced 
on  the  air  placed  in  contadl  with  it,  to 
that  which  takes  place  during  refpiration, 
that  is,  the  bulk -of  the  air  is  diminifhed, 
and  a  quantity  pf  carbonic  acid  gas  is 
formed. 

Now,  as  the  colour  of  the  blood  returned 
to  the  heart  by  the  pulmonary  veins  has 
acquired  the  vermilion  hue,  it  is  natural 
to  fuppofe,  that  the  whole  change  produ- 
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ced  upon  the  blood  by  the  oxygene  is  ef- 
fedled  in  the  lungs.  Yet  when  we  confider, 
that  if  blood  is  placed  in  contadl  with  at- 
mofpheric  air,  or  oxygenous  gas^  even 
out  of  the  body,  the  fame  efFedl  is  {Produ- 
ced, it  remains  doubtful  whether  this 
change  folely  takes  place  in  thq  lungs,  or 
whether  oxygenous  gas  is  not  abforbed 
in  the  lungs,  and  conveyed  into  the  cir- 
culating fluids,  and  fo  produces  this 
change  of  colour,  by  uniting  with  car- 
bonaceous matter  in  every  part  of  the  ar- 
terial fyflem. 

The  fecond  efFe6l  produced  during  re- 
fpira  ion,  is  the  evolution  of  heat.  The 
caufe  of  animal  heat  has  in  all  ages  attrac- 
ted the  attention  of  philofophers ;  and  ma- 
ny theories  have  been  formed  to  account 
for  this  phenomenon  of  the  animal  oeco- 
nomy,-  the  moft  of  which  feem  merely  hy- 
pothetical. The  firfl  philofopher  who 
paved  theVay  for  the  development  of  this 
important  fubje(5l,  .was  the  celebrated  Dr 
Black.  He  firft  attributed  the  production 
of  animal  heat  to  the  procefs  of  refpiration. 

The 
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The  fame  theory  was  further  illuftrated, 
and  in  fome  degree  modified,  by  Dr  Craw- 
ford, in  his  treatife  on  animal  heat* 
Much  light  has  alfo  been  throvsrn  upon 
this  fubjedl  by  the  difcoveries  of  many 
of  the  modera  chemifts.  We  Ihall  not 
however  narrate  the  gradual  progrefTion 
,  by  which  this  theory  has  arrived  at  that 
degree  of  perfection  in  which  we  now 
find  it.  -  Nor  is  it  necelTary  to-  enter  into 
any  particular  illuflration  of  the  dodlrine. 
It  is  fufficient  to  obferve,  firft.  That  in 
refpiration  a  quantity  of  oxygenous  gas 
difappears,  an'd  a  portion  of  the  carboniq 
acid  gas  is  produced.  It  follows  then,  fe- 
condly,  That  refpiration  is  a  prcDcefs  per-* 
fedlly  analogous  to  combuftion  ;  and  third- 
ly, That  during  the  tranfmutation  of  the 
oxygenous  into  the  carbonic  acid  gas,  a 
confidera^ble  quantity  ofxthe  caloric  mull 
neceffarily  be  evolved. 

When  we  confider  the  large, quantity  of 
oxygenous  gas  which  difappears  during  re- 
fpiration, and  the  great  difference  in  the 
relative  "capacities  of  the  oxygenous  and 

T  '2  carbonic 
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Carbonic  acid  gafes  for  receivirlg  heat,  wc 
fee,  in  the  refpiratory  procefs,  a  caufe  a- 
bundantly  fufEcient  for  the  produdlion  of 
animal  heat.  And  as  this  ca^ufe  is  perpe- 
tually operating,  there  would  be  a  furplus 
of  heat  produced,  in  the  animal  fyftem, 
were  it  not  perpetually  going  oiF  to  the 
furrounding  bodies.  * 

Now  in  this  method  of  accounting  for 
the  produdlion  of  animal  heat,  it  is  not 
material  whether  we  fuppofe-  that  the  trans- 
mutation of  oxygenous  into  carbonic  acid 
gas  takes  place  in  the  lungs,  or  whether 
the  oxygenous  gas  is  abforbed  in  the  lungs, 
and  mixed  with  the  mafs  of  circulating 
fluids.  In  the  latter  cafe,  we  mufl  fuppofe 
that  the  oxygenous  is  changed  into  the 
carbonic  acid  gas  in  every  part  of  the  ar- 
terial fyftem,  and  that  the  carbonic  acid 
gas  is  thrown  out  from  the  circulating 
fluids  during  their  paffage  through  the 
lungs.  In  either  cafe,  however,  the  effeS: 
is  the  fame.  Oxygene  feparated  from  the 
refpired  air,  unites  with  carbonaceous 
matter  in  the  lungs,  or  in  every  part  of 

the 
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the  arterial  fyflem ;  and  the  caloric  muft 
in  either  cafe  be  evolved. 

We  nlay  now  briefly  ftate  the  efFe<5ls 
produced  in  the  Jlnimal  oeconomy  by  the, 
procefs  of  refpiration.  The  firft,  as  wc 
have  obferved,  is,  _  producing  a  change  in 
the  colour  of  the  blood  during  its  paflage 
through  the  lungs.  The  change  of  colour 
is  produced  by  the  feparation  of  carbona- 
ceous matter  from  the  blood.  This  fepa- 
ration is  proved  by  the  formation  of  car- 
bonic acid  gas  in  the  lungs.  Thus  far  the 
procefs  of  refpiration  is  perfe(flly  analo- 
gous to  combuftion.  Whether  any  por- 
tion of  the  oxygene,  vv-hich  difappears  iii 
refpiration,  is  united  to  the  blood,  feems 
at  leall  to  be  doubtful.  But  it  is  evident, 
that  the  blood  has  undergone  a  very  con- 
fiderable  change  in  its  appearance  and  qua- 
lities. The  florid  cdlouf,  and  the  peculiar 
qualities  which  it  has  acquired  in  the 
lungs,  is  in  a  greater  or  leffer  degree  pre- 
ferved  through  the  arterial  fyftem,  but  are 
entirely  loft  in  its  progrefs  through  the  ve- 
nous fyftem.    There  can  fcarcely  be  any 

doubt, 
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doubt,  that  the  qualities  acquired  by  the 
blood  during  its  paiTag^  through  the  lungs, 
render  it  a  more  powerful  ftimulus  to  the 
heart  and  arteries,  fo  as  to  -be  more  ca- 
pable of  exciting  their  contraiflion.  But 
the  proofs  of  this  point  we  muft  defer,  till 
we  confider  the  a(5lion  of  the  circulating 
jSuids  as  an  exciting  power. 

The  fecond  ufe  of  air  in  refpiration,  is 
the  produdlion-  of  animal  heat.  The  evo- 
lution of  the  caloric  in  the  lungs,  is  a  con- 
fequence  which  mufl  unavoidably  follow 
the  procefs  which  takes  place  in  that  or- 
gan, viz.  the  producftion  of  the  carbonic 
acid  gas.  The -heat  of  animals  is  uni- 
-  formly  found  to  be  in  proportion  to  tKe 
fize  of  the  lungs,  the  , capacity  of  this  or- 
gan for  performing  its  fun(5lions,  and  the 
nature  of  the  air  which  is  refpired.  The 
lungs  therefore  muft  be  confidered  as  a  fo- 
cus of  heat,  from  which  the  whole  fyftem 
is  fupplied.  In  proportion  to  the  fize  of 
the  lungs,  a  greater ,  or  lefTer  quantity  of 
oxygenous  gas  is  changed  into  the  ftate  of 
carbonic  acid  gas.    If  the  lungs  are  in  an 

.unhealthy 
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unhealthy  ftate,  as  in  an  afthma,  this 
change  takes  place  only  in  a  fmall  degree, 
and  a  proportionally  lefs  quantity  of  the 
caloric  is  evolved.  There  are  however  o- 
ther  cafes  of  difeafe,  as  in  phthifis,  pulmo- 
nalis,  in  v^'hich  there  feems  to  be  an  in- 
creafed  action  of  the  lungs,*  by  which  a 
larger  proportion  of  carbonaceous  matter 
is  f^parated  from  the  blood.  That  fuch 
an  efFedl  takes  place,  feems  to  be  proved 
by  the  very  florid  colour  even  of  the  ve- 
nous blood  in  this  difeafe ;  and  alfo  by 
the  increafed  heat  which  is  prefent  in  the 
fyftem.  It  is  remarkable,  that  thefe  efFetfts 
are  produced,  even  after  a  confiderable 
portion  of  the  fubftance  of  the  lungs  has 
been  deftroyed  by  the  difeafe  *. 

The 

*  Whether  any  advantages  will  be  derived  from  caufin-r  ' 
patients  labouring  under,  thefe,  or  other  difeafes,  to  re- 
fpire  air  modified  by  the  mixture  of  different  gafes,  is  to 
me  exceedingly  problematical.  It  vi^ould  however  be  pre- 
mature to  give  any  opinion  upon  this  fubjedt,  becaiife  ex- 
perimcnts'are  yet  wanting  to  determine  whether  beneficial 
or  injurious  effeds  will  refult  from  the  praAice.  It  is  to 
be  wiihtd  that  Dr  Beddoes  may  fucceed  in  the  attempt  ia 
which  he  is  at  prefent  ,engaged,  of  forming  an  eftablifli- 

ment 
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The  heat  thus  evolved  in  the  procefs  of 
refpiration  is  one  of  the  moft  important 
agents  in  producing  and  continuing  the 
phenomena  of  life.  We  have  already- 
proved,  that  the  operation  of  heat  is  in- 
cHfputably  ftimulant :  and  it  only  re- 
mains  here  to  obferve,  that  the  heat  ne- 
ceflary  for  animal  life  is  evidently  .produ- 
ced by  the  refpiratory  fun(5lionl  It  ap- 
pears that  the  temperature  of  animal  bo- 
^es  cannot  be  confiderably  increafed  or 
diminifhed  hy  external  caufes,  unlefs  thefe 
caufes  operate  in  extreme  degrees,  as  ap- 
pears by  the  experiments  of  Dxs  Fordyce 
and  Bkgden 

In  taking  an  accurate  view  of  the  ope- 
ration of  oxygene  in  refpiration,  three  ef- 
fedls  appear  to  be  produced,  which  are 
imniediately  necelTary  for  the  continuance 
of  animal  life.  Firft,  A  quantity  of  car- 
bonaceous 

Bient  for  applying  the  gafes  in  different  difeafes  with  that 
accuracy,  and  in  fuch  quantities,  as  may  afford  a  perfeft 
dccifion  with  refpeft  to  the  propriety  of  the  praaice. 

♦  nd.  Philofophical  Tranfaftiops,  Vol.  LXV. 
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bonaceous  matter  h  feparated  from  the 
blood.    This  is  fulEciently  evidenced  by 
the  produdlion  and  expulfion  of  the  car- 
bonic acid  gas.    As  a  quantity  of  carbo- 
naceous matter  is  expelled  during  refpira- 
tion,  we  mull  conclude  that  the  retention 
of  this  matter  would  have  been  injurious 
to  the  fyftem.    We  cannot  however  fup- 
pofe,  that  the  mere  retention  of  a  fmall 
portion  of  carbone  is  the  immediate  caufe 
of  that  fudden  cefTation  of  the  powers  of 
life,  which  is  produced  by  the  total  ab- 
ftradlion  of  oxygene  for  a  very  fhort  pe- 
riod. 

The  fecond  efFedl  of  oxygene  in  refpira- 
tion,  is  the  evolution  of  heat.  This  is  alfo 
equally  eflential  to  animal  exiftence :  for 
if  heat  is  not  produced  in  a  due  propor- 
,  tion,  undoubtedly  difeafe  will  follow.  It 
does  not  however  appear  that  fudden 
death  by  the  abftradion  of  oxygene,  is  cau- 
fed  by  a  diminution  of  fenfible  heat  in 
the  animal  body  ;  but  this  efFe6l  of  refpi- 
ration,  the  evolution  of  heat,  mull  be  con- 

U  fidered 
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ficlered  as  of  the  highefl  importance  to  the 
animal  oeconomy. 

The  third  6fFe(5t  of  oxygene  in  refpira- 
tion,  is  the  change  produced  on  the  arte-, 
jial:  blood.    TLat  a  very  important  altera- 
tion is  produced  in  the  colour  and  quali- 
ties of  the  blood  during  its  pafTage  thro* 
the  lungs,  and  that  this  alteration  is  in 
fome   way   produced   by    the  oxygene 
which  difap pears  during  refpiration,  is, 
fully  p;roved  by  experiment,  and  is  in- 
deed nniverfally  allowed.    The  blood,  by 
this  change  in  its  qualities,  appears  to  be- 
come a  proper  Itimulus  for  exciting  the 
a6tion  of  the  heart  and  arterial  fyflem. 
This,  we   apprehend,  may   be  proved, 
from  a  clear  induction  of  fadls,  which  we 
fhall  have  a  more  proper  opportunity  of 
introducing  when  ^treating  on  the  ftimu- 
lant  power  of  blood.    If,  however,  this 
change  in  the  qualities  of  the  blood  is 
not  perpetually  effe(5^ing  in  the  lungs,  the 
powers  of  life  will  be  quickly  fufpended. 
If  oxygenous  gas  is  wholly  abftracfled 
from  any  animal,  the  firft  effecft  which 

follows 


bF  ANIMAL  LIFE. 

ibllows  is  an  impeded  circulation,  and 
qnickly  the  heart  and  arteries  ceafe  to 
beat.  The  powers  of  life  are  then  entire- 
ly fufpendedk  With  the  greateft  proba- 
bility, we  may  attribute  the  fuddeh  cef- 
fation  of  life,  during  the  abftra(5lion  of 
bxygene,  to  the  blood  being  no  longer  a 
proper  llimulus  for  exciting  the  adlion  of 
the  heart  and  arteries  ;  and  this  evidently 
arifes  from  the  ufual  thange  not  taking 
place  in  it  by  the  refpiratory  fundlion. 
.  It  appears  then,  from  the  ejSFeds  of  oxy- 
genous gas  in  refpiration,  that  it  cannot 
be  confidered  merely  as  a  fimple  llimulus 
to  the  body ;  nay,  its  operation  feems 
chiefly  to  depend  upon  its  chemical  qua- 
lities. Whether  oxygene,  during  refpira- 
tion, is  or  is  not  received  into  the  circu- 
lating fluids,  fo  as  to  become  an  adual 
conftituent  of  the  body,  certainly  has  not 
beei^  decided  ;  but  it  is  plain,  that  in  ei- 
ther cafe,  oxygenous  gas  produces  a  very- 
material  change  in  the  ftate  and  qualities 
cf  the  blood,  by  which  that  fluid  is  fitted 
to  a6l  as  a  proper  ftimulus  to  the  animal 

"U  2  fibre 
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fibre  of  the  heart  and  arteries.  Ti.e  0x7* 
genous  gas,  therefore,  operates  in  this  cafe 
as  a  chemical  agent ;  and  there  can  be 
little  doubt,  that  by  the  alteration  which 
is  thus  induced  in  the  ftate  of  the  blood,, 
an  equally  material  change  is  produced 
in  the  animal  fibre,  which  receives  its  nu- 
trition from  the  blood.  We  have  there- 
forcy  in  oxygenous  gas,  another  example 
of  a  natural  or  healthfid  ftimulus,  which 
a(5ls  upon  the  animal  body,  not  only  by 
its  ftimulant  power,  but  alfo  by  its  other 
qualities.  It  is  equally  clear,  that  oxyge- 
nous gas  difi^ers  fron:>  many  other  ftimuli, 
not  only  in  the  degree  of  its  power,  but 
alfo  in  the  nature  of  its  operation. 

Before  we  entirely  quit  the  confidera- 
tion  of  the  efFe6\s  of  air  as  ^  a  ftimulant  to 
the  animal  fyftem,  it  feems  proper  to  add, 
a  few  obfervations  upon  the  nature  and 
e£Fe6ls  of  found.  We  fh all  therefore  in- 
troduce this  as  the  fourth  natural  agent  or 
ftimulus.  The  operation' of  found,  as  we 
I>ave  already  obferved,  is  not  abfolutely 
neceflary,  either  to  the  produdion  or  con- 
tinuance 
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tlnnance  of  animal  life.  Of  this  we  have 
daily  an  opportunity  of  obferving  a  clear 
proof,  in  many  of  our  fpecies  who  are  not 
pofTefTed  of  the  power  of  hearing  :  yet  it 
is  equally  clear,  that  excepting  in  thefe 
few  inftances,  found  is  an  agent  capable 
of  producing  the  mod  powerful  effedls 
upon  the  animal  body  ;  and  in  the  hu- 
.  man  fpecies  we  often  witnefs  its  opera- 
tion in  a  great  variety  of  modes.  Though 
it  is  not  abfolntely  elTential  to  the  pro- 
dudlion  or  continuance  of  life,  it  is  at 
lead  of  confiderable  importance,  and  is 
capable  of  being  emplo\  ed  as  one  of  the 
artificial  ftimuli,  by  which  very  confider- 
able alterations  may  be  produced  in  the 
ftate  of  the  human  fyfi:em. 

Sound,  by'  whatever  fubflance  produ- 
ced, appears  to  be  received  and  transfer- 
red only  by  thofe  fubfi:ances,  the  parts  of 
which  are  capable  of  being  eafily  moved, 
fb  as  to  change  their  relative  fituations. 
But  fome  fubftance  is  abfolutely  necefifary 
to  convey  found,  becaufe  we  find  it  is  ut- 
terly loft  in  vacuo,  and  it  is  increafed  m 

proportion 
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proportion  to  the  denfity  of  the  air.  Elaf- 
tic  fluids  form  the  moll:  common,  and 
perha]ps  the  moil  convenient  medium  for 
transferring  founds.  At  one  time  it  was 
ftippofed  that  found  was  conveyed  by  air 
alone*  The  ingenious  ProfefTor  of  Ana- 
tomy in  this  Univerfity  has  however 
fhowed,  in  his  treatife  on  the  Phyfiology 
of  Fifllcs,  that  found  is  alfo  conveyed  by 
water,  and  nearly  with  as  much  rapidity 
as  by  the  atmofphere.  Other  inelaftic 
fluids  muft  alfo  be  able,  in  certain  de- 
grees, to  produce  the  lame  effedl:.  ^ 

To  form  found,  the  motion  or  conifidn 
of  bodies  is  rfequifite.  By  this  motion  or 
collifion,  a  tremor  or  vibration  is  induced 
in  the  transferring  medium.  There  is  an 
evident  impulfe  on  the  medium  through 
■which  found  is  conveyed,  produced  by 
the  motion  or  coUifion  of  bodies.  This 
impulfe  is  fuppoled  to  produce  certain  of- 
cillations  in  the  air,  or  any  other  medium 
capably  of  conveying  found,  by  which  its 
plane  furface  is  alternately  elevated  and 
depreffed  into   the  form  of  arches  or 

curves, ' 
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curves,  fo  as  ro  form  a  fuccellion  of  fono- 
rous  waves.     The  impulfe  received  by 
the  transferring  medium,  is  by  it  con- 
veyed to  the  organ  of  hearing.  Hence 
we  may  fairly  conclude,  that  the  fenfa- 
tion  received  from  found  in  the  fenforium 
commune  is  produced  .by  an  adlual  im- 
pulfe on  the  external  organ  of  hearing. 
That  the  fenfation  which  we  call  found, 
is  produced  by  an  im  ulfe  on  the  fentient 
,  extremity  of  the  auditory  nerve,  may  be 
further  fupported  from  other  phenomena 
pf  found.    The  ofcillations  of  the  air  pro- 
duced b^y  the  motion  or  collifion  of  bo- 
dies, fucceed  each  other  with  a  certain 
velocity,  proportioned  to  the  force  of  the 
motion  or  collifion  :  And  it  appears,  that , 
to  produce  an  audible  found,  at  leaft  thirty 
of  thefe  ofcillations  muft  be  produced  in 
a  fecond  of  time.    Now,  it  feems  clear, 
that  in  proportion  as  the  vibrations  in  the 
transferring  medium  are,  in  a  given  time, 
few  or  many,  the  impulfe  on  the  organ 
of  hearing  will  be  ftrong  or  weak.  Wheq.' 
^he  vibrations  are  few,  the  impulfe  upon^ 
I  the 
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the  organ  of  hearing  is  fo  faint  as  to  be 
imperceptible.  • 

As  the  fenfation  of  found  appears  to  be 
produced  by  a  diredl  impulfe,  we  Imvc 
reafon  to  conclude-^  that  it  operates  upon 
animal  bodies  by  a  ftimulant  power., 

The  operation  of  fdund  is  chiefly  ob- 
ferved  in  effects  produced  upon  the  men- 
tal powers.     Sound,  however,  may  be 
employed,   and  it  may  produce  on  the 
mental  faculty  the  moft  powerful  effedls, 
while  yet  thofe  effects  are  not  to  be  afcri- 
bed  to  the  found  itfelf,  but  to  that  which 
is  expreffed  by  it.    Thus  founds  expreffed 
hy  the  human  voice  may  be  employed  in 
the  delivery  of  hiftoric  fa6l6, — the  narra- 
tion of  a  tale  of  woe, — .in  defcribing  a 
comic  fcene, — or  upon  any  other  fubjecl 
which  may  excite  emotions  in  the  human 
mind  :  pity,  grief,  or  horror  may  be  a- 
wakened  ; —mirth,  jpy,  efteem,  love,  or 
admiration  may  be  excited ;  yet  the  pro- 
ducing of  thefe  emotions  is  not  wholly 
to  be'afcribed  to  the  founds  which  have 
been  employed,  bec^ufe^  had  the  fame 
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fads  and  circumQances  been  fubmitted 
to  the  eye  in  reading,  the  fame  paffions 
would  have  been  excited  in  minds  polTeff- 
.  cd  of  fenfibility.    It  is  true,  the  effedl  of 
eloquence  depends  in  a  great  meafure  on 
muhc  ;  for,  in  the  large  and  proper  fenfe 
of  the  word,  mufic  has  been  ftyled,  the  art 
of  varioufly  affedling  the  mind  by  the 
power  of  found.    The  mofl  illiterate  and 
vulgar  minds  are  in  fome  meafure  ca- 
pable of  feeling  the  power  of  a  juftly 
modulated  voice,  rifing  or  falling  by  fuc- 
ceflive  harmonious  notes,  and  changing  to 
various  keys,  as  the  fubjedl  may  require. 
The  whole  effetfl  of  oratory,  however,  is 
not  to  be  afcribed  to  the  powers  of  the 
fpeaker  ;  the  influence  of  the  matter  de- 
livered, muft  be  diftinguifhed  from  that; 
of  the  manner  in  which  it  is  pronounced* 
In  eftimacing,   therefore,  the  power  of 
found  in  oratory  upon  the  human  mind, 
we  muft  dedu61:  a  confiderable  fhare  as 
properly  belonging  to  the  fubjedl,  and  not 
to  the  founds  by  which  it  is  expreffed. 
In  the  mere  enunciation  of  fads  by  the  / 

X  human 


1 62       CAUSES  AND  PHENOMENA 


human  voice,  in  the  ordinary  occurrences 
of  Hfe,  the  mental  powers  are  frequently 
aflPedled  in  a  high  degree.  But  here  the 
influential  power  is  not  the  found  of  the 
voice,  but  the  fa6l  announced.  Ir  is  by  the 
power  of  found,  unaccompanied  by  hu- 
man language,  that  we  muft  endeavour 
to  appreciate  the  influence  of  this  fhimulus 
upon  the  mental  power  of  man.  In  the 
effedl  of  mufic,  we  have  an  opportunity  of 
obferving  its  full  force. 

Particular  combinations  of  found  feem 
naturally  to  infpire  joy  ;  others  have  an 
equal  efledl  in  producing  melancholy  ;  in 
Ihort,  every  paffion  and  emotion  of  the 
mind  may  be  produced  by  proper  com- 
binations of  mufic al  notes.  Thefe  efFe(5ls 
tajke  place  in  confequence  of  an  impulfe 
upon  the  organ  of  hearing,  by  thofe  ofcil- 
lations  of  the  air  which  are  produced  by 
a  mufical  inftrument.  The  auditory 
■  nerve  in  this  calc  is  evidently  the  imme- 
diate organ  of  fenfation  ;  and  it  is  equally 
clear,  that  by  this  impulfe  fome  modifi- 
cation, though  altogether  unknown  to  us, 

muft 
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miift  take  place  in  the  fentlent  organ,  by 
which  the  peculiar  ideas  exprefTed  by  the 
mufical  founds  are  awakened  in  the  mind. 

But  is  the  operation  of  found  in  all 
cafes  the  fame  ?  Does  every  pofTible  com- 
bination of  found  ftimulate  the  fyftem? 
Or  does  not  found  in  many  cafes  pro- 
duce a  diredlly  fedative  effedl  ?  In  many 
inftances,  it  undoubtedly  ftimulates  the 
fyftem,  and  feems  even  to  produce  a  tem- 
porary vigour.  Thus,  a  perfon  fatigued 
by  labour  is  excited  to  dance  by  hearmg 
a  joyous  tune,  with  which,  by  habit,  he 
has  afFociated  the  idea  of  dancing.  The 
impreflion  is  here  firft  on  the  mental 
power,  and  the  energy  of  the  mind  in- 
duces the  motion  of  the  body.  If  a  per- 
fon in  thefe  circumflances  feels  not  that 
lafTitude  which  he  had  jufl  before  experi- 
enced, and  which  is  really  the  cafe,  the 
temporary  vigour  he  enjoys  mufl  ulti- 
mately be  afcribed  to  the  operation  of 
found,  as  the  original  exciting  power. 
The  depreffing  paflions,  however,  are  e- 
qually  produced  by  the  a<5lion  of  found. 

X  2  When 
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When  thefe  operate,  we  fee  not  the  leafl 
increafe  of  excitement ;  nay,  the  fyflcm 
paffes  from  the  ftate  of  vigour  to  that  of 
debility.  And  if  we  cannot  conceive  any 
power  to  be  flimulant,  excepting  it  excites 
the  fyftem,  at  leaft  in  the  firft  ilage  of  its 
a(5lion  ;  we  furely  cannot  reafonably  con- 
clude, that  thofe  combinations  of  found 
which  produce  the  depreffing  palTions  £li- 
mulate  the  fyftem.  It  may,  indeed,  be 
alledged,  that  the  founds  which  feem  na- 
turally adapted  to  exprefs  grief  or  forrow, 
operate  precifely  in  the  fame  manner  up- 
on the  organ  of  hearing,  by  the  impulfe 
of  certain  undulations  induced  in  the  air, 
as  the  founds  which  are  expreffive  of  joy  ; 
and  that  if  one  impreflion  conveyed  by 
thefe  undulations  is  ftimulant,  fo  alfo 
„inuft  the  reft.  To  this  we  would  anfwer, 
that  we  cannot  with  precifton  eftimate  the 
modus  operandi  of  any  fabftance  on  the 
fyftem,  merely  from  a  knowledge  of  the 
medium  through  which  it  operates  :  It  is 
only -by  the  efFe6ls  which  we  oblerve  to 
l3e  produced,  that  we  can  form  any  juft  de- 
termination 
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termination  relative  to  the  power  of  any 
particular  fubflance  upon  the  fyftem.  In 
proceeding,  according  to  this  method,  by 
indudion,  we  (land  upon  firm  ground. 
We  are  too  little  acquainted  with  the  na- 
ture and  properties  of  every  fubftance,  to 
be  able  a  priori  to  fay  what  will  be  their 
efFedls  upon  the  animal  body  ;  nor  will 
even  a  knowledge  of  their  fenfible  qua- 
lities, in  every  cafe  afford  us  any  confider- 
able  affiflance.  Reafonirig,  then,  from 
the  various  effecls  produced  upon  the  hu- 
man fyflem  by  different  combinations  of 
found,  we  mufl  conclude,  that  their 
modes  of  operation  are  totally  ciiffimilar, 
notwithflanding  that  they  operate  through 
the  fame  medium. 

Sound  then  appears  to  be  an  agent 
capable  of  acSling  upon  the  animal  frame, 
and  of  producing  material  changes  in  the 
ftate  of  its  organization,  although  it  nei- 
ther adds  new  m.atter  to,  nor  abflracfls 
any  from  the  body.  It  operates  diredlly 
upon  the  animal  fibre.  The  fenfations 
vy'hich  it  produces  are  tranfmitted  to  the 

mental 
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mental  power,  and  this  laft,  by  its  rea(5!ion 
upon  the  animal  body,  produces  a  vlf^o- 
rous  or  debilitated  P-.ate  of  the  organization. 
It  is  obvious,  therefore,  that  although 
found  is  capable  of  exciting  the  fyftem  to 
adion,  yet  it  is  an  agent  in  many  refpedls 
different  in  its  nature  from  any  of  the  pre- 
ceding. 

The  fifth,   and  lad,   of  the  external 
powers  which  operate  uppn  the  body,  is 
aliment.    Under  this  term  is  included  a 
■great  variety    of   fubftances,    many  of 
which  feem  to  pofTefs  very  difTimilar  qua- 
lities.   Alimentary  matters  have  generally 
been  divided  into  food,  condiment,  and 
drink.    Food  and  drink  muft  be  reckoned 
among  thofe  powers,  the   operation  of 
which  is  eiTential  to  the  production  and 
continuance  of  animal  life.    The  wants 
of  nature  in  this  refpedt  are  indeed  few, 
and  eafily  gratified  ;  but  the  caprice  and 
luxury  of  man  have  increafed  the  lifl  of  ali- 
mentary matters   to  an  enormous  fize. 
Many  fubflances  which  have  been  employ- 
ed" as  food,  cannot  be  coniidered  as  fa- 
vourable 
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vourable  to "  health.    The  lift  of  condi- 
ments alfo  contains  many  others  that  are 
evidently  pernicious  ;  and  perhaps  feveral 
of  the  fluids  employed  as  drink  are  equally, 
if  not  more  injurious.    The  modifications 
of  alimentary  matters  by  the  art  of  cook- 
ery, alfo  not  unfrequently  produce  the 
moft  pernicious  effects.    We  would  not 
however,  with  ftoical  apathy,  rejedl  any 
wholefome  or  agreeable  article  of  food, 
merely  becaufe  nature  can  be  fupported 
without  it :  nor  can  we  condemn  any  me-' 
thod  by  which  a  common  article  of  diet 
is  rendered  more  agreeable  to,  the  palate, 
for  no  better  reafon,  than  that  life  may  be. 
fupported  without  the  tafte  being  in  this 
manner  gratified.    By  following  the  dic- 
tates of  nature,  and  availing  ourfelves  of 
experience,  we  may  eafily  avoid  employ- 
ing any  fubftance  which  is  injurious  to 
health.    Yet  it  feems  extremely  difficult 
to  point  out  the  nature  and  properties  of 
the  different  articles  of  food  and  drink, 
together  with  their  eflPecfls  upon  the  human 
body  J  nor  does  it  appear  that  this  fubjedt 

has 
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has  yet  been  treated  upon  fully  or  proper-* 
ly.  The  limits,  however,  which  we  have 
prefcribed  in  this  efifay,  will  not  permit 
us  at  prefent  to  attempt  a  particular  elu- 
cidation of  this  fubje6l. 

It  is  obvious,  that  alimentary  matters  are 
chiefly  defigned  to  repair  the  wafle  of  the 
fyftem,  and  that  they  are  in  fadl  the  prin- 
cipal fource  from  which  the  body  derives 
new  matter.  Hence,  although  they  are  all 
undoubtedly  ftimulating,  yet  they  cannot 
be  fuppofed  to  a(5l  upon  the  body  merely 
by  their  ftimulant  power.  We  fliall  endea- 
vour to  illuftrate  this  by  a  brief  view  of 
the  digeftive  procefs,  which  appears  to  be 
conducted  in  a  great  meafure  upon  chemi- 
cal principles.  It  mud  however  be  admit- 
ted, that  food  of  every  kind  is  Capable  of 
adling  upon  the  organization  by  its  fti- 
mulant power,  independent  of  its  ufe  as 
furniftiing  new  matter  to  the  body.  Thus 
water,  which  is  perhaps  the  weakeft  fti- 
mulant employed  as  drink,  is  capable  of 
exerting  a  ftimulant  operation  even  upon 
thofe  who  are  accuftomed  to  employ  much 

more 
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more  powerful  fluid  ftimuii.     Water  is 
extremely  beneficial  in  reftorin^' a"  perfon 
under   deliqAiitim^  ariirni.    The  ftiiiiula- 
ting  effe(5l  of  food  and  drink  is  6l)vi6?ili  to 
the  feelings  of  every  perfdn.  "After  long 
abftinence  or  fatigue,  we  find  the  bod^ 
ihflantaneoufly  invigorated  'dii"'  't6Ceiving; 
a  fmall  portion  of  the  mildefi;  alimentary 
matter..  Now,  in.  this  cafe,'  tio^  pkft  6t 
the  fubftance  received '  into  the  flbi'nacn,' 
whether  folid  or  fluid,  has  beert  abforbed 
by  the  ladleals,  and  mixed  with' 'the  cir- 
culating  fluids.     We  can  therefore  only 
account  for  the "  effedl  on  the  fiippofition, 
that  the  matter  employed /ftiniiilates'  the' 
animal  fibre'  of  the  ftomach  ;  and  as  '  the 
body  is  an  indivifible  whole,  the  operation 
is  infbantaneoufly  extended  to  the  mofl: 
diAant  parts. 

The  principal 'benefiti  hdw^Vdfi'  deri- 
ved from  the  aliment,'  is,  the'He^)?-'  xnatter 
which  it  affords  the  fyflem.  The  altera- 
tion which  the  food  undergoes,  and  by 
which  a  proper  nutntious  matter  is  ex- 
tracted from  it,  appears'  to  be '  prt)duc:eci 

Y  ■  ^  ••both 
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both  on  mechanical  and  chemical  princi- 
ples. The  food  is  firft  mechanically  di- 
vided, and  mixed  with  the  faliva,  in  the 
procefs  of  maftication.  It  is  next  tranf^ 
jnitted  to  the  ftomach  ;  and  here  probably 
it  is  in  a  fmall  degree  fabje(5led  to  me- 
chanical a6lion,  by  the  gentle  alternate  mo- 
tions of  the  orbicular  fibres  of  the  mufcu- 
lar  coat.  It  does  not  however  appear,  that 
the  mufcular  adlion  of  the  ftomach  affifts 
in  the  digeftive  procefs.  The  operation 
in  this  yifcus  feems  rather  to  be  condud^ed 
upon  chemical  principles ;  and  the  chief 
ufe  of  what  has  been  called  the  periftaltic 
motion  of  the  ftomach,  appears  jto  be,  to 
propel  the  aliment,  when  fufEciently  di- 
gelled,  through  the  pylorus. 

In  man,  and  all  other  animals,  a  fluid 
is  fecreted  in  the  ftomach,  which  appears 
in  the  different  orders  to  vary  in  its  qua- 
litv.  It  is  fuited  to  the  nature  of  the  food 
which  they  are  deftined  to  employ ;  and 
the  gaftric  fluid  in  each  fpecies  appears 
capable  of  diffolving  that  kind  of  food 
which  nature  has  provided  for  them.  The 
g3,ftiri^:  fluid  of  carnivorous  animals  eafily 

diflblves 
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diffalves  aiiimal  food,  buit  has  little  €ffe6t 
on  vegetable  matters  ; — ^that  of  the  rurai- 
nating  animals  readily  dilTollres  vegetabk 
fubftances,  but  fcarcely  produces  any 
change  upon  animal  matters  j-— while  that 
of  the  human  ftomach  is  capable  of  di£- 
iolving,  nearly  with  equal  eafe,  both  ani- 
mal and  vegetable  fubftances. 

It  has  been  fully  proved,  by  the  experU 
ments  of  Stevens,  Spalanzani,  and  others^ 
that  the  gaftric  fluid  in  man,  and  other' 
animals,  is  capable  of  reducing  the  ali^" 
mentary  matters  into  a  foft  mafs  or  pulpj 
independent  of  ally  degree  of  trituration^ 
in  the  ftomach  j  becaufe  food  inclofed  in 
fpheres  and  tubes,  formed  of  metal  or  of 
wood,  and  by  which  the  food  was  confe- 
quently  defended  from  trituration,  has 
been  completely  difTolved And  the  fame 
effedl  has  been  produced  by  the  gaftric 
fluid  upon  alimentary  matters,  even  out- 
of  the  body. 

Powerful  however  as  the  folveiit  opera- 
tion of  the  gaftric  fluid  feems  to  be,  k  is 
incapable  of  adting  upon  the  living  animal 

Y  3  body* 
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body.  •  We  do  not  perceive  any  material 
difFe'rence  between  a  piece  of  raw  flefh  re- 
cently cut  from  an  animal,  and  the  fame 
fubflance  in  the  living  ftate  ;  yet  the  gaf- 
tric  fluid  eafily  dilTolvcs  the  former,  while 
it  does  not  in  the  leaft  adl  upon  the  latter, 
otherwife  it  would  diffolve  the  ftomach  in 
which  it  is  fecreted.-.  But  no  fooner  has 
that  degree  of  derangement  taken  place  in 
the  organization  of  any  animal,  by  which 
it  is  rehdered  incapable  of  the  adion  of 
the  life-fupporting  powers,  than  it  be- 
comes:fufceptible  of  the  adlion  of  the  gaf- 
tric  fluid.  That  fl:ate  of  jthe  organization 
whicK  is  neceflary  for  life,  is  capable  of 
refifting  the-  operation  of  this  fluid :  and 
hence  it  is,.r  as  ;Mr  John  Hunter  has  re- 
marked, that  we  find  animals  living  in 
the  ftornach,-  or  even  hatched  or  bred 
there;  but  the  moment  that  life  is  fuf- 
pendediji  any  of  thefe,  they  become  fub- 
je^t  to  the  folvent  power  of  the  gafliric 
fluid. :  We  are  certainly  not  poflefled  of 
anyfa>5ls  which  enable  \is  to  point  out  the 
cau^e  why  animal  matter,  in  the  living 

ftate, 
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ftate,  is  capable  of  refilling  the  a6lion  of 
this  fluid,  when  it  fo  ealily  dilTolves  the 
fame  fubftance  immediately  after  death. 

But  the  faliva,  'and  the  fuccus  gaftricus, 
are  not  the  only  fluids  which  are  employ- 
ed in  the'digeflive  procefs.  During  its  pro- 
grefs  through  the  inteftines,  the  alimen- 
tary matter  is  mixed  with  the  bile  and 
the  pancreatic  juice.    From  the  nature  of 
the  former,  we  are  certain  that  its  opera- 
tion is  in  a  confiderable  degree  chemical : 
but  it  mull  be  confeffed,  that  we  arfe  too 
little  acquainted  with  the  nature  and  ope- 
ration of  the  whole  of  thefe  fluids,  to  point 
out,  with  any  degree  of  accuracy,  their 
precife  effedls,  in  extradling  from  the  ali- 
ment a  proper  nutritious  matter  for  the 
fupport  of  the  body.    In  general,  we  per- 
ceive,  that  d'ecompofitions  are  efi^e (5led, 
both  in  the  aliment,  and  the  animal  fluids 
employed^ in  the  digefliive  procefs;  and 
confequently  ,  various  new  combmations 
muft  be  formed.    The  chemical  nature  of 
the  digefliive  procefs,  together  with  the  o- 
ther  leading  fadl,  that  the  aliment  affords 

new 
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new  matter  to  the  fyfhem,  furnifli  the 
-moft  decifive  proof,  that  aliment  does  not 
a(5l  merely  as  a  flimulant  to  the  body« 

It  will  be  here  underflood,  tliat  we  rea- 
dily admit,  that  proper  alimentary  matter 
jpoffefTes  a  ftimulant  power  in  a  greater  or 
lefTer  degree.  In  what  we  mean  further 
to  offer  upon  this  fubjedl,  we  fhall  there- 
fore confine  ourfelves  to  fome  general  ob- 
fervations  on  the  nature  of  aliment,  in 
two  points  of  Tiew  :  Firft,  As  poffefling 
Himulant  powers,  differing  from  each  o- 
ther,  perhaps  in  nature,  and  certainly  in 
degree ;  and  fecondly,  As  furnifhing  nu- 
tritious matter  to  the  fyftem. 
'  Were  we  particularly  to  inveftigate  the 
\  qualities  and  effedls  of  the  different  ar- 

ticles of  aliment,  it  would  probably  ap- 
pear that  fome  of  thofe  fijbftances  poffefs 
a  confiderable  flimulant  power,  by  which 
the  a6lion  of  the  ftomach  is  exerted,  while 
they  contain  but  a  fmall  proportion  of 
nutrition ;  and,  on  the  contrary,  other 
fubftances  may  contain  a  large  portion  of 
nutritious  matter,  which  poffefs  a  low  fti- 

mulant 
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mulant  power  :  Yet  it  mull  be  confeffed, 
that  it  is  not  pofTible  to  afcertain  the  de- 
gree of  ftimukis  in  any  fubftance:  merely 
from  ^  its   fenfible  qualities.  Acrimoniy, 
perfectly  obvious,  is  not  always  a  proof, 
that  the  fubflance  in  which  it  is  found 
will  more  highly  ftimulate  the  fyftem 
than  other  fubllances,.  the  fenfible  quali- 
ties of  which  are  comparatively  mild. 
Were  we  to  judge  merely  from  the  fen- 
fible qualities,  we  fhould  conclude,  that 
feveral  of  the  acrid  aik,  as  the  elFential 
oils  of  mint,  cinnamon,  and  others,  were 
higher  flimuli  than  alcohol,  or  even  opi- 
um.    Experience,  however,  proves  the 
contrary.    Thefe  examples  are  taken  in^ 
deed  from  the  artificial  flimuli ;  but  per- 
haps  varieties   fomewhat   analogous  ta 
them,  may  be  found  among  the  fubflan- 
ces  which  we  employ  as  articles  of  food. 
It  does  not  feem  pofTible,  therefore,  to  eit 
timate  the  degree  of  ftimulant  power  ia 
any  fubflance,  excepting  from  the  effedls 
which  we  perceive  it  to  produce  in  the  ani- 
mal ceconomy.    Again,  another  difficulty 
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arifes  on  this  fubjecl.  A  particular  fubftance 
may  adtually  poffcfs  a  confiderable  degree 
of  ilimulus,  and  when  firft  introduced  into 
the  fiomach,  may,  in  fome  meafure,  excite 
that  vifcus  |to  a(5lion  ;  but  it  is  immedi- 
ately mixed  with  the  fuccus  gaftricus,  and 
perhaps  with  other  fubftances, — it  under- 
goes a  kind  of  decompofition,  and  new 
combinations  are  formed,  which  proba- 
bly polTefs'  qualities  exceedingly'  different 
from  thofe  of  the  ftimulating  fubftance 
received  into  the  ftomach.  This,  in  many 
inftances,  muft  be  the  cafe  ;  becaufe,  as 
we  have  already  obferved,  the  digeftive 
procefs  is,  in  a  great  meafure,  ^  ftridlly 
chemical.  In  the  new  combinations 
which  are  formed,  there  rnay  be  different 
degrees  of  ftimulus,  by  which  not  only 
t]ie  aclion  of  the  ftomach  and  bowels  may 
be  excited,  but  alfo  the  matter  which  is 
abforbed  by  the  lacleals  may  poffefs  dif- 
ferent qualities  in  this  refpedt ;  and  hence 
the  blood  may  become  a  more  or  lefs 
powerful  ftimulus  to  the  fanguiferoas 
fyftem.  That  fuch  alterations  in  the  qua- 
lity 
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lity  of  the  circulating  fluids  may  take 
place,  cannot  be  denied,  although  altera- 
tions in  the  nature  of  the  blood  have  not 
hitherto  been  particularly  attended  to,  ex- 
cepting in  a  few  difeafes,  where  the  change 
upon  thi?  fluid  is  exceedingly  great  and 
obvious. 

There  are  again  other  fubftances  which 
may  be  received  into  the  ftomach, — tranf^ 
mitted  to  the  inteftines, — abforbed  by  the 
ladleals, — and  mixed  with  the  circulating 
fluids,  without  undergoing  any  change 
in  the  whole  of  this  procefs.  Of  thefe  we 
have  a  remarkable  inftance  in  the  folid 
colouring  matter  of  the  rubia  tin(5lorum, 
which  is  not  only  conveyed  into  the  blood, 
but  depofitcd  in  the  bones,  without  having 
undergone  any  alteration.  Sulphuric  ae- 
ther may  alio  be  mentioned  as  an  example 
of  a  powerful  ftimulant  being  received  in- 
to the  circulating  fluids,  without  under- 
going any  material  change,  it  is  a  well- 
known  fa6t,  that  vapours  of  this  fub- 
ftance  are  in  fome  cafes  thrown  out  of  the 
body  with  the  expired  air,  for  thirty  oxr 
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foi-tf  hdtifs  after  tttd^ing  a  laYge^  diilh. 
The  juiees  alfo  of  ftveHl  Vd^retjible  fiib-J 
ftanceSj  Which  ari  thiplcfydd  as  articled 
diet,  ot  at  leaft  as  coildimerit,  feefn  to  un- 
(JergO  Httle  chartge  itt  the  digeftive  pfo« 
4tf$^  of  \vrhich  ra^?^^'  <Jnion?s  sutid  garUfck  affe' 
ftriking  examples. 

Frotn  th^ih  obfervati!OR§  tWo  eohclu- 
fioftS  are  bbfio'HS  ;  Fii^,  That  it  is  et- 
^dmely  diffictih  tb  aftefffaifi  the  de- 
^teb  of  ftimtaltis  ttrhieh  than;^  fabf^ances 
6h  the  fibfe  bf  the  ftoma^h  and  ali- 
iMtnt^tf  canal ;  becaiife  k  app'efti-s,  that- 
in  various  iriftah'tes  the  degree  5f  ftimiiltis 
eftfiriot  be  deterrilined  by  the  fenfible  qiia- 
lities }  alTid  ft-  i^-  feqii^llf  Impoffibl^^  iff 
iSirfiiy  Gafe^V  tb"  afdeftaifi-  wll^t  degr^  o# 
ftimialarit  power  is  poflTefled  by  the  ti^W 
^iripoutid  formed  in  the  dig^ftive  prbcefs* 
Seeoiidly^  If  appear^ j  that  thofe  fubftanc^§ 
Whleh  afe  ttibil  eafily  digelUd,-  do  ndtj  lii 
Hiarty  cafes  at  l^aftj  pbilefs  fb  high  a  fti- 
BlUlant  po\<rer  as  €h€  liibre  ifidigeftiblef 
Digeftibn,  ftfi<5lly  fpeatking,^  is  the  ehangei 
^  cttimn  principles  contaimd  in  the  ali- 
mentary 
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for  the  nutrition  of  th^  ^y#em.  'Wp 
chdvly  fee,  that  fome  of  the  moft  power- 
ful ftimulant^  that  are  eyer  receivefi  into 
the  ftomach,  ^ind  .:vyhich  fixe  c<?mmonly- 
.employed  as  xlrittk,  .cond.ijsient,  gf  aae/dl-  * 
cine,  do  not  undergo  ihh  ichange,  or  ajt 
leaft  the  alteration  which  takes  place  ip 
^em  is  only  partial.    From  hence,  then, 
we  cannot  infer,  that  thx>fe  animal  and 
vegetable,  fubftances   which  experience 
-fliews  to  be  »tli€  moft  proper  and  nutri- 
jtious  aliment,  are  the  moft  eafily  digefted, 
or  the  moft  highly  ftimulant :  We  muft 
rather,  and  with  more  reafon,  conclude^ 
4iiat  thofe  which  are  eafily  digefted  poflefs 
a  degree  of  ftimulus  more  exa(3:]y  fuite^ 
to  the  ftate  of  jthe  organization  or  e^cit^.- 
ibility  in  the  fibre  of  the  ftomach,  than 
the  more  indigeftible;   while  thefe  latter 
pofiefs  either  too  liigh  or  top  low  a  ftimu- 
lant power. , 

It  muftj  however,  be  again  remarjted, 
that  a  pnaexet  ftimulating  quality,  capablf 
;0f  lacking  x}^  fibre  of  the  ,ftomach,  is^ 

Z  2  whatever 
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whatevrr  degree  it  may  exift  in  the  ali- 
mentary matter,  is  not  fufficient  to  ac- 
count for  the  digeftive  procefs,  nor  can 
the  degree  of  fuch  a  mere  ftimulant  power 
be  the  chief  caufe  why  one  fubftance  is 
more  -ealily  digefted  than  another.  For, 
if  it  is  true  that  the  folution  of  ahmentary 
matters  by  the  fuccus  gaftricus  is  effedled 
upon  chemical  principles,  it  will  follow, 
that  the  peculiar  qualities  of  this  fluid  are 
of  much  greater  importance  in  the  digef- 
tive procefs,  than  the  degree  of  ftimulus 
poifedTed  by  the  aliment.   For  it  is  certain, 
that  the  fuccus  gaftricus  is  capable  of  dif- 
folving  the  aliment,  independent  of  any 
adlion  in  the  animal  folid.    It  may  be  in- 
deed alledged,  that  of  two  given  fubftances 
the  one  may  be  more  eafily  digefted  than 
the  other,  becaufe   that  which  is  moft 
eafily  diflblved  pofTeffes  a  degree  of  ftimu- 
lus to  excite  the  a(5lion  of  thofe  veffels  in 
which  the  gaftric  juice  is  fecreted  ;  and 
that  the  fubftance  which  is  not  fo  eafily 
digefted,  does  not  poflefs  a  fufficient  de- 
gree of  ftimulus  to  produce  this  effedl. 

We 
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We  may  readily  admit,  that  the  aliment 
may  ftimulate  the  vefTels  on  the  furface 
of  the  ftomach,  upon  principles  merely- 
mechanical.  Upon  fuch  principles,  it  is 
evident,  that  the  faliva  is  excreted  in 
larger  quantity  during  maflication  than 
at  other  times ;  but  this  reafoning,  how- 
ever plaufible,  certainly  does  not  apply  in 
all  cafes,  m  explaining  why  one  fubftance 
is  more  eafily  dilFolved  in  the  ftomach 
than  another  ;  becaufe,  if  different  fpecies 
of  aliment,  as  we  have  formerly  obferved, 
are  inclofed  in  fpheres  or  tubes,  the  gaf- 
tric  fluid  is  found  to  ad:  more  powerfully 
upon  fome  than  others.  In  the  ftomachs 
of  carnivorous  animals,  vegetable  mat- 
ters are  fcarcely  acted  upon  ;  —  in  the 
merely  herbiverous,  animal  matters  are 
not  diflblved  ;  —  and  in  man,  the  de- 
grees of  folution  in  different  fubftances 
exceedingly  vary.  Now,  in  all  thefe 
cafes,  the  mechanical  a(5lion,  applied  to 
the  furface  of  the  ftomach  by  the  tubes  or 
balls,  is  precifely  the  fame  :  befides,  as 
we  have  faid,  the  gaftric  fluid  extra(Sted 
from  the  body  and  placed  in  vilro,  exhi- 
bits 
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MtB  the  fame  variety  of  cffeds  upon  diffe- 
ixnt  fubflances.  And,  m  this  cafe,  the 
fudil<m  of  ith^  gaftric  fluicj  is  jiot  aiJlftisd 
hy  that  of  any  Hirijulant  pow,er,  whether 
aneehanical,  or  of  any  other  kind.  The 
<fecr£tion  of  a  propser  fl.uid  to  effect  the  fo- 
•Itition  of  the  alimentary  matter,  depends 
£>n  ,tfc(e  proper  flate  of  the  cir^«.ktiog  Quid^ 
^rom  which  the  gaftric  liqupr  js  iecreted, 
aad  the  (late  .of  the  fecreting  organs ;  and 
hoxh  .of  thefe  muft  ultimately  d<epend  on 
^  dus.  degree  of  exckemeat  b.eing  mai^.- 
-tai^^ed  in  the  fyfliem  at  large ;  SlvA  this  c?i>a 
©illy  be  ^fFeded  by  the  naturai  iageftt^  or 
4elGiting  power;S  being  employed  in  i& 
■proportion,  j^y  which  the  organization  is 
tpreferved  in  the  healthy  flace.  The  gaf- 
4:r>ic  fluid,  however,  being  thus  properly 
formed  and  fecreted  in  due  proportion,  its 
action  on  the  alimentary  matter  is,  as  WiP 
4ia'V€  fdid,  ?ftri(£lly  chemical,  ^ence  then 
4t  is  tJlear,  that  we  cannot  afcribe  the  pe- 
culiar folubihty  of  any  fubftance  in  the 
jftotnadi  to  its  pofFefling  a  hig>^  degree  of 
ftimulant  power  ;  nor  in  any  great  mea- 

■4ur< 
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fare  to  tlie  degtde  of  ftimulus  which  if 
pofTeflTes,  but  rstther  to  the  quality  of  the 
gAiitm  fluidi  and  to  the  quantity  of  the 
atim^hta^y  fiiattef  being  juUlf  J)ropfoi'-^ 
tifiin^d  i&'t\\&  ffufintit3f  of  the  folvent  ftuid 
which  the^  ftortiaeh  is  able  to  furliifli. 

It  mSy  be  objedled,  that  the  appetitfe 
is  ifiGfeafed,  and  the  digeflion  promoted, 
by  throwing  into  th^  ftomach  highly  fti*- 
mukting  fubftancesv  as  alcohol  in  various 
forMs^  arid  certain  vegetable  ftimulants^ 
as  watcr-crefr»8,  hoffe-radifli,  muftard,  and 
others  3  to  Which  may  be  added  the  whole 
lift  of  ftimUlatmg  fubftances  employed  itt 
eoakery^  and  efpecially  in  the  formation  of  1 
felice^i  It  miift  here  be  obferved^  tha* 
$he  ope^atiou  of  fubftafeces  by  which  fh® 
appetite  feems  to  be  ihcreafedj  carifioti:all 
be  aGedunted  for  updn  the  fame  principles? 
A  Gonliderabk  number  of  fubftances  iii 
the  lift  of  condiments,  and  the  peculiar 
BSOde.s  df  preparing  food^  by  rendering 
the  alimentary  itiatter  more  agreeable  to 
the  taftev  dfe  iii  many  inftances  the  caufd 
df  our  employing  a  larger  quantity  of  food 

than 
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than  we  otherwife  Ihould  do.  In  other 
cafes  it  may-  be  admitted,  that  highly  fti- 
mulating  fub  fiances  may  excite  the  a6lion 
of  .  the  ftomach,  fo  as  to  enable  us  to  re- 
ceive a  greater  quantity  of  food  than  ufu- 
al.  But  it  may  be  juflly  doubted,  whe- 
ther the  digeftive  power  is  in  any  cafe 
much  increafed  by  the  ufe  of  fuch  ftimu- 
lants.  Nor  can  it  be  fuppofed  that  the 
digeftive  power  can  be  promoted  by  their 
ufe,  excepting  the  excretion  6f  the  gaftric 
fluid  is  increafed  by  the  r  ftimulant  ac- 
tion. But  here  it  muft  be  alfo  obferved, 
that  not  only,  as  we  fhall  prefently  {how, 
their  producing  this  eifecl  is  in  ma- 
ny inftances  dubious,  but  alfo,  if  the 
efFedl  is  produced,  the  continued  ufe  of 
fuch  ftimulants  muft  be  extremely  injuri- 
ous. For  it  is  not  to  be  fuppofed  that  the 
fyftem  can,  in  a  limited  period,  fupply 
any  given  quantity  of  the  gaftric  fluid. 
And  the  forcing  out  of  the  veflels  an  im- 
properly prepared  fluid,  can  never  be 
fuppofed  to  increafe  the  digeftive  power. 
Their  continued  ufe,  therefore,  can  only 

induce 
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induce  a  general  debility  of  tlie  fyftem. 
Within  certain  bounds,  they  may  indeed 
be  employed,  without  very  obvioufly 
producing  injurious  effects.  But  when 
ufed  in  large  quantity,  and  the  pradlice 
perfiftcd  in,  indigeftion,  and  all  the  other 
cfFedls  of  repletion,  inevitably  follow. 
Befides,  "the  feeming  appetite  which  is 
fuddenly  produced  by  mixing  ftimulating 
fubftances  with  our  food,  is  not  wholly 
to  be  afcribed  to  the  excretion  of  a  greater 
quantity  than  ufual  of  the  gaftric  fluid. 
For  not  only  are  we  induced  to  fwallow  a 
large  quantity  of  particular  fubftances, 
from  the  tafte  being  gratified,  but  power- 
ful ftimulants,  by  exciting  the  mere  muf- 
cular  contradlion  of  the  ftomach,  may 
force  a  quantity  of  the  aliment  through 
the  pyloric  orifice  into  the  inteftines,  with- 
out having  undergone  that  change  which 
is  necefTary  to  the  preparation  of  proper 
chyle.  It  may  be  readily  admitted,  that 
when  the  fyftem  is  under  debility,  and 
the  ftomach,  and  bowels   are  particu- 

A  a  larly 
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larly  afFedted,  as  in  dyfpepfia,  and  other 
analogous  cafes,  the  ufe  of  flimulants  of 
various  kinds,  provided  the  degree  of  fti-^ 
mulus  is  properly  proportioned,  may  ex- 
cite a  due  adlion  in  thefe  organs,  and 
promote  the  excretion  of  fuch  a  quantity 
of  the  gaftric  juice  as  may  effed:  the  digef- 
tion  of  the  food,  the  formation  of  a  proper 
chyle,  and  confequently  the  removal  of  the 
general  debility,  by  furnilhing  a  fufficient 
quantity  of  nutritious  matter  to  the  fyftem. 
But  there  is  reafon  to  fufpedl,  that  in 
thefe  difeafes  too  great  a  quantity  of  the 
more  powerful  ftimuli  is,  not  unfrequent- 
ly  employed. 

From  the  whole  of  thefe  ob  ervat^ons, 
the  following  conclufions  may  be  fairly 
drawn.  Firft,  That  the  digeftive  procefs 
do"?s  not  folely  depend  upon  the  ftimula- 
ting  power  of  the  alimentary  matter,  but 
alfo  on  the  relation  fubfifting  in  the  laws 
of  nature  between  various  fubftances,  and 
by  which  they  are  difpofed  to  enter  into 
chepfiical  cojrnbiqation.    Secondly,  Exclur 
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ding  from  our  confideration  the  mechani* 
cal  ftimulus  of  the  aliment^  arifing  .from 
its  bulkj  or  degree  of  confiftence,  we  do 
not  perceive  that  the  ftimulant  power  poA 
feffed  by  any  fubftance  can  be  determined, 
merely  by  its  fenfible  qualities  out  of  the 
body.    Therefore,  thirdly,  The  degree  of 
ftimulus  pofTefred  by  any  given  fubftance 
can  only  be  determined  by  the  effedls 
which  we  obferve  it  to  produce  on  the 
body.    And,  fourthly,  That  in  eftimating 
the  qualities  of  any  fubftance  as  an  ali- 
mentary 'matter,  we  "can  'only  afcribe  to 
iis  ftimulant  power  the  property  of  acce- 
lerating the  digeftive  procefs  in  a  certain 
degree,  and  upon  the  principles  already 
ftated  :  excepting  in  the  cafe  of  thofe  fti- 
mulants  which  do  not  undergo  any  change 
in  this  procefs,  and  which  may  be  abforb- 
ed  by  the  ladleals  in  a  mere  ftate  of  mix- 
ture with  other  matters.    But  an  inftance 
of  thefe  laft  is  perhaps  not  to  be  found  a- 
mong  proper  alimentary  fubftances. 

We  go  on,  in  the  next  place,  to  offer 
fome  general  obfervations  upon  the  fecond 

A  a  2  mode 
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mode  in  which  alimentary  matters  acl  in 
the  animal  body  :  that  is,  as  furnilhing  a 
proper  nutritious  matter  to  repair  the 
wafte  which  takes  place  in  conlequence  of 
the  various  excretions.    Upon  this  point, 
the  firft  queftion  that  occurs  is,  What  is 
the  proper  nutritious  matter  ?  If  this  que- 
ftion were  clearly  folved,  it  might  per- 
haps feem  eafy  to  determine,  in  the  fe- 
cond  place,  what  fpecies,  or  individuals,  a- 
mong  the  various  kinds  of  aliment,  fur- 
nifli  the  moft  proper  or  the  largeft,  quan- 
tity of  nutritious  matter.   There  are  diffi- 
culties, however,  which  cannot  be  eafily 
overcome,  attending  the  folution  of  both 
thefe  queflions. 

With  refpedl  to  the  firft,  What  is  the 
proper  nutritious  matter  ?  The  late  in- 
genious Profeftbr  Cullen  has  endeavour- 
ed to  prove,  that  it  is  forrned  of  the  acid, 
oil  and  faccharine  matter  which  we  find, 
in  the  more  or  lefs  combined  ftate,  in  ve- 
getables. Obferving  that  the  greater  num- 
ber of  animals  which  are  employed  as  ali- 
ment derive  their  whole  fupport  from  ve- 
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getable  matters,  he  confidered  it  as  rea- 
fonabie  to  conclude,  that  the  proper  nutri- 
tious matter  was  ultimately  to  be  fought 
for  in  the  vegetable  kingdom.  As  an  acid 
is  found  in  many  vegetable  fubftances 
which  are  employed  as  aliment; — as  fac- 
charine  matter  is  either  originally  prefent^ 
or  may,  by  certain  procefles,  be  evolved 
in  the  moft  nutritious  vegetable  matters  j 
— and  as  an  oil  is  very  generally  prefent, 
or  may  be  extracted  from  the  moft  of 
thefe ; — he  concluded  that  they  together 
formed  the  proper  nutriment  of  animal 
bodies.    To  thefe  he  was  inclined  alfo  to  > 
add,  the  vegeto-animal  gluten  which  Bec- 
caria  had  difcovered  in  a  confiderable 
number  of  vegetables,  and  which  efpe- 
cially  abounds  in  fome  of  the  moft  nutri- 
tious, as  in  wheat.    This,  as  a  fubftance 
exceedingly  analogous  to  animal  matters, 
or  rather  as  being  always  found  in  animal 
bodies,  may  with  fome  reafon  be  confi- 
dered as  proper  nutriment.    But  Dr  Cul- 
len  further  obferving,  that  acids,  oils, 
and  faccharine  matter,  are  never  found 

iir 
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in  the  feparate  flatc  in  the  blood,  or 
other  animal  fluids,  at  Icafl  wlien  in 
health  ;  he  therefore  concluded,  that  the 
chjde  was  formed  by  an  intimate  mix* 
tm'e  of  thefe  principles.  Now,  although 
this  theory  cannot  be  admitted,  and  efpe- 
cially  in  that  latitude  to  which  Dr  Cullen 
ieems  to  have  extended  it;  yet  juflicc 
compels  us  to  obferve,.  that  it  had  a  con- 
fiderable  degree  of  plaufibility  at  the  time 
when  it  was  formed,  and.  that  it  was  of- 
fered with  that  modefty  and  diffidence 
which  always  mark  true  genius.  \V e 
may  even  go  farther,  and  admit,  that  in 
fome  inftances,  particular  mixtures,  form- 
ed '  of  two ,  or  more  of  thefe  fubflances, 
may  be  received  into  the  fanguiferous  fyf^ 
tern.  But  a  more  accurate  chemiftry,  and 
a  more  rigid  analyfis  of  both  animal  and 
vegetable  matters,  than  was  ^nown  at  the 
time  when  Dr  Cullen  wrote,  lead  us  in 
fome  refpetfls  to  fpeak  with  more  cer- 
tainty, and  in  others  with  a  greater  de- 
gree of.  hefitation,  concerning  the  forms 
of  vhdfe  fubilances  whicii  are  extracted 

from. 
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from  animal  and  vegetable  matters  to  fup- 
ply  the  body  with  nutrition. 
,  We  find,  that  the  principal  conftituents 
of  animal  and  vegetable  fubflances,  are  dif- 
ferent combinations,  in  various  propor- 
tions, of  carbone,  hydrogene,  oxygene, 
and  azote  ;  the  laft  being  generally  in  a 
greater  proportion  in  animals  than  in  ve- 
getables. The  whole  of  thefe  are  indeed 
found  in  the  acid,  oil,  fugar,  and  vegeto- 
animal  gluten  which  Dr  Cullen  fuppofed 
formed  the  nutrition  of  animals  ;  yet  we 
cannot  fay  that  a  mere  mixture  of  thefe 
forms  the  chyle,  becaufe  in  that  decom- 
pofition  which  takes  place  in  the  alimen- 
tary matters  when  mixed  with  the  gaftric 
fluid,  it  IS  impoffible  to  determine  what 
new  combinations  are  formed.  Nor  is  it 
reafonable  to  fuppofe  that  nothing  more  is 
€ffe(5led  in  this  wonderful  procefs  than  the 
formation  of  a  mere  emulfion,  by  the  mix^ 
ture  of  an  acid,  an  oil,  faccharine  matter, 
and  a  portion  of  vegeto-animal  gluten. 
Befides,  there  are  other  parts  of  vegetable 
fubflaiices  which  may  furnifli  feyeral  of 

the 
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the  conftituents  of  animal  bodies,  as  well 
as  the  previoufly  formed  acid,  oil,  or  fac- 
charine  matter.  Nor  are  we  certain  that 
thofe  conftituents  of  animal  bodies  which 
we  obtain  as  the  laft  refult  of  analyfis,  are 
themfelves  ftridlly  fimple.  It  has  been 
alledged,  that-  carbone  is  a  compound 
fubftance,  formed  of  hydrogene  and  azote. 
This,  though  perhaps  not  fully  proved,  is 
at  leaft  poflible.  And  the  fame  may  be 
the  cafe  with  feveral  others,  which,  in  the 
prefent  ftate  of  our  knowledge,  are  ne- 
ceflarily  confidered  as  fimpl'e  bodies. 
Hence  various  decompofitions  and  new 
combinations  may  be  formed  in  the  di- 
geftive  procefs,  with  which  we  are  totally 
unacquainted.  There  are  alfo  other  fub- 
llances  befide  thofe  which  we  have  juft 
mentioned,  which  muft  be  confidered  as 
conftituent  principles  of  animal  bodies : 
As  the  phofphate  of  lime,  which  forms  fo 
confiderable  a  proportion  of  the  bones ; 
iron,  and  feveral  faline  matters,  which  are 
uniformly  found  in  the  fluids.  Now  the 
^hole  of  thefe  are  either  received  into  the 

•bo47 


OF  ANIMAL  LIFE.  igj 

body  ready  formed,  or  they  are  produced 
in  the  fyflem  by  the  combination  of  their 
various  conftituents.  >  To  take,'  fqr  the 
illuftration  of  this  fubjedl,  the  phofphate 
of  Ume  for  our  example.  From  the  great 
quantity  of  this  fubrtance  in  the  bones,  a 
confiderable  proportion  of  which  we  know 
is  daily  carried  off  by  excretion,  it  is  clear 
that  a  daily  fupply  of  it  is,  required  ;  and 
cither  the  fubftance  already  formed,  or 
its  conftituents,  are  introduced  into  the. 
fyftem,  and  are  a  part  of  the  true  nutri- 
tious matter.  Now  the  "  phofphate  of 
lime  may  be  received  into  the  body  al- 
ready formed  :  Yet  we  do  not  perceive 
any  fource  from  which  in  this  ftate  it  can 
be  derived.  It  exifts,  indeed,  both  in  a- 
nimal  and  vegetable '  matters.  But  it  is 
in  a  very  fmall  proportion  in  vegetables ; 
and  the  quantity  is  alfo  ^exceedingly mi- 
nute in  thofe  parts  of  animal  bodies  which 
we  employ  as  aliment.  In  fadl,  it  -  is  only 
found  in  confiderable  quantity  in  the 
bones.  It  is  equally  certain,  that  neither 
this  compound  fait,,  nor  any  of  its  conftitu- 

B  b  ents, 
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cnts,  as  far  as  we  know,  excepting  oxy- 
gene,  are  contained  in  the  vegetable  acids^ 
oils,  faccharine  matter,  or  vegeto-animal 
gluten,  in  which  Dr  Cullen  fuppofed  he 
had  found  the  whole  of  the  nutriment,  or 
conftituent  principles  of  animal  bodies. 
We  are  almofl;  reduced  to  the  conclufion, 
that  the  phofphate  of  lime  is  formed  in 
the  animal  fyftem.  And  admitting  this, 
we  are  ftill  involved  in  the  greateft  diffi- 
culty, in  order  to  account  for  the  intro- 
dudlion  of  its  principles  into  the  body. 
The  phofphoric  acid,  one  of  its  conftitu- 
ents,  abounds  in  the  animal  fyflem.  It  is 
found  in  the  urine,  and  other  fluids,  uni- 
ted ^with  different  bafes,  as  foda,  ammoniac, 
and  lime.  It  is  alfo  found  iil  the  difen- 
gaged  ftate,  'its  prefence  having  been 
frequently  detedled  in  the  ftomach.  This 
circumftance  of  the  uncombined  phof- 
phoric acid  beilTg  found  in  the  body,  feems 
to  warrant  the  conclufion,  that  it  recei- 
ved its  origin  as  an  acid  there.  But  in 
this  cafe,  «we  are  totally  at  a  lofs  to  ac- 
count for  the  introduction  of  thp  phofpho- 
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rus,  from  which  it  muft  be  produced,  un- 
lefs  it  may  be  fuppofed  that  phofphorus 
itfelf  is  not  a  fimple  fubftance,  but  form- 
ed of  conftituents  with  which  we  are  yet 
unacquainted'.  We  are  equally  at  a  lofs 
to  account  for  the  introdudlion  into  the 
fyftem,  of  the  lime,  the  bafis  of  this  fait ; 
becaufe  we  do  not  conceive,  that  it  can 
be  found  in  fuch  quantity  in  any  alimeri- 
tary  matter,  as  to  produce  fo  large  a 
portion  as  muft  be  daily  forming  in  the 
fyftem,  the  quantity  of  which  we  can  in 
fome  degree  eftim^te,  from  our  know- 
ledge of  the  quantity  daily  carried  off  in 
the  excretions.  With  refpe^l  to  .the  iron 
tliat  is  found  in  all  the  red-blooded  ani- 
mals, and  in  a  very  great  proportion  of 
vegetables,  it  iS  now  a  very  generally-re- 
ceived opinion  among  chemifts,  that  it 
derives  its  origin  from  the  vegetating  and 
animalizing  procefles.  Of  the  faline  mat- 
ters, it  is  highly  probable  that  the  ammo- 
niac is  formed  in  the  animal  fyfterii. 
Mankind  indeed  may  receive  a  fmall 
quantity  of  this  fait  in  the  juices  of  other 
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animal  matters.  But  the  greater  propor- 
tion of  the  >ammoniacal  fait  contained  in 
the  animal  matters  which  we  employ  as 
aliment,  muft  be  either  decompofed  or 
feparated  in  the  various  methods  of  pre- 
paring our  food.  That  a  confiderable 
quantity  of  ammoniac  muft  therefore  be 
continually  forming  in  the  animal  fyftem, 
feems  clear  ;  and  this  muft  more  efpecially 
be  the  cafe  in  thofe  of  the  inferior  orders, 
which  are  wholly  nourilhed  by  vegetable 
matters.  There  is  alfo  fome  reafon  to 
fufpe6l,  as  we  have  formerly  hinted,  that 
foda  is  formed  in  the  animal  fyftem.  We 
find  it  united  with  oil  and  mucus  in  the 
bile,  and  it  is  alfo  found  in  fome  other 
of  the  animal  fluids.  Nor  can  we  fuppofc 
that  this  alkali  is  furnifhed  by  the  muriate 
of  foda,  which  we  epiploy  as  a  condi- 
ment, becaufe  it  is  alfo  found  in  the  bile 
and  other  fluids  of  various  animals,  who 
never  receive  any  of  the  muriate  of  Ibda. 
We  muft  therefore  conclude,  that  this 
fait  alfo  is  formed  by  the  animalizing  pro- 
cefs, 

In 
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In  attempting  to  account  for  the  man- 
ner in  which  the  daily  wafte  of  the  fyf- 
tem  is  fupphed  by  new  matter,  we  muft 
not  wholly  confine  ourfelves  to  the  digef- 
-tive  procefs.  In  treating  up.o^  refpiration, 
we  have  obferved,  that  it  is  doubtful 
whether  one  of  the  conftituents  of  the 
body,  viz.  oxygene,  is  not  received  du- 
ring the  refpiratory  procefs.  And  it  has 
n^v^r  been  determined,  whether  particular 
fub fiances  may  not  be  inhaled  by  the  ab- 
forbent  veflels  on  the  furface  of  the  body. 
In  diabetes,  it  is  generally  admitted,  that 
a  very  confiderable  abforption  takes 'place 
by  thefe  velTels.  This,  indeed,  confli- 
tutes  difeafe.  But  it  is  not  unreafonable 
from  hence  to  infer,  that  in  the  healthy 
ftate-  an  abforption  may  alfo  be  continu- 
ally going  on,  an(;i  by  which  the  body 
may  be  fupplied  with  fome  of  its  confti- 
tuents. This  fuggeflion  may  in  fome  de- 
gree be  fupported  by  analogy,  drawn  from 
the  vegetable  kingdom.  It  is  very  gene- 
rally fuppofed,  that  vegetables  receive  a 
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confiderable  part  of  their  nutrition  from 
the  atmofphere  by  abforption. 

From  thefe  obfervations,  the  difficulties 
attending  the  folution  of  the  queftions 
which  we  have  ftated,  are  fufficiently  ob- 
vious. When  we  find  that  the  changes 
which  take  place  upon  the  alimentary 
matters  are  fo  great  and  various ;  and 
that  thefe  changes  are  not  only  produced 
in  the  digeftive  procefs;  but  alfo  in  the 
blood,  and  perhaps  in  many  of  the  fecre- 
ting  organs  ;  we  muft  conclude,  that  it  is 
almoft  impoflible  to  point  out  the  parti- 
cular parts  of  any  animal  or  vegetable 
\  fubftance,  from  any  mode  of-  examining 
the  conftituents  of  that  fubftance,  or  the 
conftituents  of  the  animal  body  which  is 
nourifhed  by  it.  -  It  is,  indeed,  natural  to 
fuppofe,,  that  animal  Jfubftances  will  fur- 
nifli  a  greater  quantity  of  nutritious  mat- 
ter than  vegetables  ;  and  that  it  will  be 
more  eafily  aiUmilated  to  the  animal  body, 
becaufe  it  approaches  fo  nearly  in  its  na- 
ture to  that  body  which  it  is  employed  to 
fupj)ort.  But  if  we  had  no  other  evidence 

that 
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that  animal  matters  arc  more  capable  than 
vegetables  of  furnifliing  nutrition,  than 
merely  the  fimilarity  of  the  animal  matter 
to  the  body  which  receives  it,  we  fhould 
have  little  reafon  to  draw  fuch  a  conclu- 
iion:  Firft,  Becaufe  death  has  induced  a 
very  confiderable  change  upon  the  animal 
matter  which  we  employ  ,as  aliment ; 
and,  a  priori,  it  is  iirtpoflible  to  deter- 
mine how  great  the  difference  may  be 
between  living  and  dead  animal  matter. 
Secondly,  ^he  animal  aliment  undergoes 
another  and  equally  important  change,  by 
the  various  modes  of  cookery  to  which 
it  is  fubjecled.  And  thirdly.  Animal,  as 
well  as  vegetable  matters,  appear  to  under- 
go a  total  decompofition  in  the  digeftive 
procefs.  From  thefe  fadls  it  is  clear,  that 
if  we  had  no  other  evidence  on  the  point, 
we  could  not  determine,  that  of  equal 
quantities  of  animal  and  vegetable  fubftan- 
ces,  the  one  would  furnifh  more  nutri- 
tious matter  than  the  othef.  Both  ani- 
mal and  vegetable  fubftances  contain,  ' 
though  in  different  proportions,  t^ie  con- 
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llituents  of  animal  bodies.  From  fimply 
confidering  their  nature  or  their  differ- 
ences, as  animal  and  vegetable  matters,  we 
fee  no  reafon  why  the  nutrition  proper 
for  man  might  not  be  extradled  from  the 
one  in  as  large  a  quantity  as  from  the  other, 
or  why  the  one  fhould  be  more  eafily  afli- 
milated  to  the  animal  body  than  the  o- 
tljer.  The  ,  conflituents  of  an  ox  do  not 
materially  differ  from  thofe  of  man  :  Yet 
we  fee  the  former  animal  may  be  fupport- 
ed  and  fatted  wholly  with  grafs,  a  vege- 
table which  will  afford  very  little  nutrition 
to  man.  By  other  modes  of  evidence  we 
perceive,  indeed,  that  animal  fubftances 
contain  a  greater  quantity  of  nutritious 
matter,  and  are  more  eafily  aflimilated 
than  vegetables.  If  equal  quantities  of 
any  animal,  and  the  moft  nutritious  vege- 
'  table  fubftance,  are  received  into  the  fto- 
mach,  the  perfon  employing  them  will 
derive,  ceteris  paribus,  a  greater  degree  o£ 
ftrength  and  vigour  from  the  ufe  of  the 
animal  than  the  vegetable  matter.  Here 
tlae  proof  depends  upon  a  fimple  and  ob- 
vious 
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Vlous  fadl.  Upon  the  fame  principles  we 
may  in  fome  meafure  afcertain  the  differ- 
ent proportions  of  nutritious  matter  fuf- 
nifhed  by  the  various  animal  and  vege- 
table fubftances  which  are  employed  as 
articles  of  diet.  And  a&  in  every  inflance 
it  will  be  found  that  aiiimal  matters  give 
a  greater  degree  of  ftrength  and  vigour  to 
the  fyftem  than  vegetables^  we  may  juftly 
conclude^  that  animal  matters  contain  a 
greater  proportion  of  proper  nutrition  thaa 
vegetable  fubftances.  It  may  however  be 
queftioned,  whether  a  larger  proportion  of 
vegetable  matters,  efpecially  of  the  more 
nutritious^  will  not  communicate  as  great 
a  degree  of  vigour  to  the  fyftem  as  a  fmal- 
ler  quantity  of  animal  food,  and  particu- 
larly to  petfons  who  are  habituated  to  its 
ufe.  With~fome  feftricftions,  this  queftion 
fhould  probably  be  anfwered  in  the  affir- 
mative. Animal  matters,  however,  do  not 
,  only  contain  a  greater  proportion  of  nutri- 
tious matter,  but  they  are  alfo  mofe  eafi- 
ly  affimilated  to  the  animal  fyftem.  The 
proof  of  this  is  drawn  from  the  various 
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fl:ru(5lure  which  obtains  in  the  intcflines 
of  the  carnivorous  and  phytovorous  ani- 
mals.    In  the  carnivorous  animals  we 
find  only  qne  ftpmach,  and  the  inteftines 
are  comparatively  ftioft.  •  The  phytiverous 
are  frequently  fupplied  with  two  or  more 
ftornachs,  and  the  inteilines  are  extended 
to  a  great  length.    It  is  evident  from  thefe 
varieties  in  the  flriidlure  of  .  the  alimen- 
tary canal,  in  animals  which  are  deftined 
refpedlively  to  live  pn  thefe  different  fpe- 
cies  of  aliment,  that  animal  matters  are 
digefted  in  a  fhorter  period  than  vegetables. 
The  inteftines  in  man  are  of  a  medium  prp- 
portion  between  thofe~  of  the  merely  her- 
biverohs  and  carnivorous  animals  :.  And 
this  ftrucfture  indicates,  along  with  other 
ff£^Sy  that^  nature  has  deiigned  both  ani- 
mal; and  vegetable  matters  to  be  employ-r 
ed  as  the  alimen.t,  of  ^mankind.    It  ought 
however  to  be  remarked,  that  other  rea- 
fons  have  been  affigned,  befide  this  that 
we  hav^  juft  mentioned,  for  the  peculia- 
rities in  the  ftrudur^  of  the  inteftines  of 
thofe  animals  which  refpedively  live  upon 
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animal  and  vegetable  diet.  It  has  been 
fuppofed,  that  the  fhortnefs  in  the  one  cafe, 
and  the  length  in  the  other,  are  defigned 
to  countera(5l  certain  inconveniencies  which 
attend  the  fseces  produced  from  thefe 
different  kinds  of  aliment.  In  particular, 
as  the  faeces  in  man  and  the  carnivorous 
animals  are  extremely  fcstid,  it  is  fuppofed 
that  they  have  fo  great  a  tendency  to  pu- 
trefaclion,  that  it  would  be  extremely  in- 
<:onvenient  if  they  were  long  retained  in 
the  body.  Hence  a  fhort  int^ftine  is  pro- 
vided, to  facilitate  their  expullion.  On 
the  other  hand,  as  a  vegetable  diet  has  a 
-confiderable  tendency  to  produce  laxity, 
perhaps  from  various  caufes,  it  is  alledged, 
that  the  length  of  the  inteflines  in  phyto- 
vorous  animals  is  defigned  to  prevent  the 
alimentary  matters  from  being  too  rapidly 
carried  off,  and  confequently  to  allow  a 
fufiicient  period  for  the  feparation  and 
abforption  of  the  nutritious  matter.  Al- 
lowing thefe  arguments  their  full  force,  we 
may  alfo  reafonably  admit,  that  the  length 
pf  the  inteftihes  in  different  animals  is 
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alfo  proportioned  to  the  eafy  qr  difficult 
^(Timilation  of  the  aliment  which  they 
are  defigned  to  employ. 

In  attempting,  then,  to  afcertain  what 
particular  parts  ot  any  fubftance  are  ex- 
tracted as  nutritious  matter,  we  find  our- 
felves  totally  at  a  lofs.    We  obferve,  that 
a  chemical  decompofition  of  the  alimen- 
tary matters  takes  place,  and  that  new 
combinations  are  formed  in  the  ftomach. 
by  the  agency  of  the  gaftric  and  other 
fluids.    When  the  aliment  is  propelled 
into  the  inteftines,  it  undergoes  a  farther 
change,  by  being  mixed  with  the  bile,  and 
the  Qther  fluids  which  are  there  fecreted. 
New  combinations  are  alfo  there  formed, 
\vith  the  nature  of  which  we  are  by  n0 
means   acquainted.     After  thefe  altera- 
tions have  taken  place,  the  chyle  is  ex- 
tracted from  the  general  mafs,  and  abfor- 
t)cd  by  the  laifteals  ;  and  with  refped  to 
the  nature  of  this  fluid,  we  poflefs  fcarcely 
any  information.     When  the  chyle  is 
^lixed  with  the  blood,  it  is  deftined  to 
undergo  other  modifications,  pf  the  na- 
ture 
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ture  of  which,  and  the  mode  of  operatioa 
by  which  thefe  aherations  are  produced, 
we  are  entirely  ignorant.  Befide  all  this, 
various  alterations  are  taking  place  in  the 
different  fecreting  organs ;  and,  as  we 
have  recently  obferved,  a  number  of  JCub- 
fiances,  fome  of  which  are  known  to  be 
compounds,  and  others  which  at  prefent 
are  confidered  as  fimple  bodies,  appear  to 
receive  their  origin  by  unknown  opera- 
tions carried  on  in  the  animal  ceconomy. 

On  a  fubjedl  fo  completely  involved  in 
obfcurity,  there  is  abundant  room  for 
forming  hypothefes.  But  as  from  thefc 
no  poffible  benefit  can  refult,  I  fhall  de- 
(cline  the  talk.  We  have  dwelt  thus  long 
upon  this  fubjedl,  to  fhew  the  infuperable 
difficulties  under  which,  in  the  prefent 
ftate  of  our  knowledge,  it  labours.  With 
refpe(5l  to  the  firft  queflion.  What  is  the 
proper  nutritious  matter  by  which,  animal 
bodies  are  fupported  ?  we  muft  content 
ourfelves  with  obferving,  that  the  various 
.  conftituents,  of  which  animal  bodies  arc 
formed,  are  extraded  from  the  alimentary 
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matters,  and,  by  the  different  ftages  of  the 
animahzing  procefs,  already  mentioned 
are  apphed  to  their  various  ufes  in  the 
body.  In  fome  cafes,  perhaps,  they  may 
be  received  in  a  compound  Hate,  and 
may  in  that  form  be  proper  for  imme- 
diate appUcation  as  a»part  of  the  fyflem. 
In  other  cafes,  and  which  perhaps  are 
the  moft  frequent,  they-  are  reduced  to 
more  firnple  principles,  and  enter  into 
new  combinations,  before  they  become  a 
part  ■  of  the  animal  body  to  which  they 
are  alTimilated.  With  regard  to  the  fe- 
£ond  queflioh,  What  fpecies  or  indivi- 
duals among  the  various  kinds  of  alittient, 
furnifh  the  moft  •  proper,  or  the  largeft 
^Juaritity  of  nutritious  matter  ?  It  appears 
that  we  have  no  dat^,  by  which  to  decide, 
excepting  the  obvious  fa(5ls,  that  one  fub- 
fiance  is  .more  eafily  digefted,  and  com- 
municates a  greater  and  more  lafting  vi- 
gour to  the  fyftem,  than  another.  And 
the  knowledge  of  thefe  fadls  can  only  be 
derived  from  obfervation  and  experience. 
Having  thus  briefly  confidered  the  na- 
ture 
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ture  and  efFeds  of  the  external  agents,  the 
action  of  which  appear  neceflary  to  the 
production  and  continuance  of  Hfe,  we 
proceed  to  take  a  fhort  view  of  thofe  in- 
ternal powers  which  operate  upon  the 
organization,  and  by  which  the  phenor 
mena  of  life  are  fupported. 

Of  the  internal  agents,  we  firft  take 
notice  of  the    blood.     This  fub fiance, 
which  forms  the  general  mafs  of  the  cir- 
culating fluids,  appears  chiefly  deftined 
to  ferve  two  ofiices  in  the  fyftem.  Firfl:, 
To  induce  a  farther  change  upon  the 
chyle,  or  nutritious  matter  received  from 
the  aliment;   and  in  the  courfe  of  the' 
circulation,  to  depoflte  this  new  matter 
in  every  part  bf  the  body,  to  repair  the 
wafte  which  the   fyfl:em  is  perpetually 
iuffering,  and  to  furnifh  matter  for  the 
fecretion  of  various  fluids  neceflary  to  the 
animal  csconomy,  fuch  as  the  bile, — the 
fuccus  gaftricus — the  faliva,  &c.  Second- 
ly, To  ftimulate  the  heart  and  arteries, 
by  which  they  are  excited  to  a(5li6if  ;  and 
hence  the  circulation  is  produced. 

The 
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The  conftituents  of  this  fluid  in  thtf 
healthy  ftate  have  of  late  years  been  afcer- 
tained  with  conliderable  accuracy ;  yet 
we  cannot  fay  that  much  information  has 
been  , derived  from  thefe  inquiries,  with 
refpe(5l  to  the  fitnefs  of  the  blood  for  ei- 
ther of  the  two  purpofes  we  have  men- 
tioned. The  coagulable  lymph,  or  fibre 
of  the  blood,  feems  not  to  differ  in  its  na- 
ture and  qualities  from  the  matter  of  the 
mufcular  fibre.  Hence  we  may  conclude, 
that  it  is  a  fubftance  prepared  in  the  fan- 
guiferous  fyftem,  to  fupply  the  wafte  of  the 
animal  fibre.  With  refpe(5l  to  fome  other 
parts,  it  is  not  eafy  to  determine,  whether 
they  are  defigned  to  be  depofited  in  any  part 
the  body,  or  whether  they  have  not  al- 
'  ready  been  employed,  and  are  to  be  eonfi- 
dered  as  excrementitious,  and  intended 
to  be  carried  off  in  the  urine,  and  perfpi- 
rable  matter.  Suoh,  for  example,  are  the 
faline  matters  which  are  found  in  the 
blood,  as  ,  the  muriate  of  foda,  and  the 

phofphates  of  fo4a,  ammoniac,  and  lime. 
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But  without  entering  further  into  confi- 
derations  of  this  kind,  it  is  fuflScient  here 
to  fliow,  that  the  blood  does  in  fadl  effedl 
the  purpofes  we  have  mentioned.  With 
refpedl  to  the  firftj  it  is  univerfally  ad- 
mitted, and  we  need  not  therefore  enter 
upon  any  particular  proof ;   it  will  be 
fufficient  to  obferve,  that  the  ftate  of  the 
organization  will  be  liable  to  confiderable 
variations,  iti  proportion  to  the  quantity 
and  quality  of  the  nutritious  matter  con- 
tained in  the  blood.    The  formation  of  a 
proper  nutritious  matter  muft  neceflarily 
depend  on  the  previous  ftate  of  the  orga- 
nization, together  with  the  quality  of  the 
ingefta.    The  due  fecretion  of  the  gaftric 
and  other  fluids  employed  in  digeftion, 
the  formation  of  a  proper  chyle,  and  the 
further  animaliziilg  procefs  which  ,  takes 
place  in  the  fanguiferous  fyftcm,  muft 
depend  on  the  ftate  of  thq  folids.  Hence 
any  attempt  to  reftore  a  debilitated  fyftem 
muft  be  in  vain,  .unlefs  we  can,  by  nutrir 
tious  matters,  reproduce  a  healthy  ftate 
■  .•f  the  organization. 
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With  refpe6l  to  the  fecond  ufe  of  the 
blood,  that  it  is  a  ftimulus  to  excite  the 
Jadlion  of  the  heart  and  arteries,  feems 
clear ;  Aril,  becaufe  thefe  organs  are  evi- 
dently fufceptible  of  the  adlion  of  ftimuli, 
as  they  are  abundantly  fupplied  with  die 
milfcular  and  medullary  fibre  ;  and  -fe- 
^condly,  becaufe  the  ufual  efFedl  of  ftimuli 
is  produced  upon  the  heart  and  airteries, 
viz.  they  are  excited  to  a(5lion,  and  we 
perceive  no  agent  immediately  operating 
upon  them,  except  the  blood.    We  rea- 
dily admit,    that    the  nervous  .ilimuli 
have  alfo  a  confiderable  influence  on  the 
•mufcular  fibre  df  thefe  parts,  becaufe  it  is 
well-known  that  the  fyftole  and  diaftole 
of  the  heart  become  more  or  lefs  frequent, 
in  a  given  period,  in  confequence  of  va- 
rious paffions   of   the   mind.    In  ^thele 
cafes  the  mental  energy  operates,  on  the 
mufcular  fibre  of  the  fanguiferous  fyftem, 
through    the   medium  of  the  nervous 
ftimuli.    It  has  been  alfo  alledged,  that 
the  mufcular  fibre  of  the  heart  may  be 
fubjedled  to  the    determination  of  the 

will, 


OF  ANIM  AL  LIFE.       '  ^il 

will,  fo  as  to  become  in  £bme  degree  a 
voluntary  muTcle.  This  in  particular  has 
been  afferted  by  Fontana,  as  a  power 
which  he  himfelf  poflefles.  Whatever 
may  be  in  this,  it  appears  that  the  adlion 
of  the  heart  and  arteries  is  effedled.  by  the 
joint  operation  of  the  nervous  ftimuli 
and  that  of  the  blood.  With  the  latter 
alone  we  are  at  prefent  concerned. 

Variations  may  take  place  in  the  adlion 
of  the  heart  and  arteries,  from  two  caufes. 
Firft,  a  derangement  in  the  organization, 
by  which  the  fufceptibility  in  the  animal 
fibre  for  the  a(5]:ion  of  ftimuli  is  in  too 
great  a  degree  increafed  or  diminifhed. 
Of  the  former  we  have  evident  examples, 
in  many  cafes  of  difeafe,  in  which  we 
obferve  an  increafed  action  in  the  fangui- 
ferous  fyftem.  We  cannot  perhaps,  in 
any  of  thefe  cafes,  point  out  the  nature  of 
the  change  which  has  ta'ken  place  in  the  or- 
ganization ;  but  in  every  inftance  it  is 
attended  with  univerfal  debility  in  the 
body.  Of  the  latter  we  have  examples  in 
many  cafes  of  diminifhed  adion  in  the 

D  d  2  heart 
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heart  and  arteries,  and  in  fome  inftances 
we  can  clearly  point  out  the  nature  of 
that  change  which  has  taken  place  in  the 
organization^  and  by  which  it  has  become 
lefs  fufceptible  of  the  action  of  ftimuli 
than  is  neceflary  for  the  healthful  ftate. 
The  oflifications  which   frequently  take 
place  in    old   age    in    the    valves  of 
the  heart,  and  in  the  large  blood-vefTels 
as  they  enter  the  heart,  are  ftriking  ex- 
amples of  this  kind.    In  thefe  cafes  the 
proper  matter  of  the  animal  fibre  has  in 
the  ufual  courfe  been  carried  off,  and  its 
place  fupplied  by  ofTeoiis  matter,  a  fub- 
ftance  nearly  unfufceptible  of  the  adion 
of  ftimuli.  Whenever  this  alteration  takes 
place  t©  a  certain  extent,  the  circulation 
of  the  blood  is  prevented,  and  the  ani- 
mal fun(3:ions  muft  entirely  ceafe.  Thofe 
inftances  in  which  the  mufcular  and  me- 
dullary fibre,  the  cellular  fubftance,  &c. 
are  changed  into  bony  matter,  furniih  an 
additional  proof,  that  no  material  change 
t^kes  place  in  the  fyftem  without  the  or-. 

ganizatioa 


OF  ANIMAL  LIFE.  213 

ganization  having  undergone  fome  altera- 
tion. 

/      Secondly,  Variations  in  the  adlion  of  the 
heart  and  arteries  may  be  caufed  by  the  flate  , 
of  the  blood.  That  this  fluid  may  be  fubjedl 
to  material  alterations  with  refpecSl  to  its 
qualities,   cannot  be  denied ;   and  from 
hence  conhderable  varieties  muft  follow 
in  its  ftimulant  power.    In  particular,  it 
may  be  fuppofed,  that  very  different  pro-  • 
portions,  of  the  faline  fubftances  which 
are  uniformly  found  in  the  blood,  may 
exift  in  it  at  various  periods  ;  and  hence 
its  qualities  as  a  ftimulant  may  be  in- 
creafed  or  diminiflied.    But  thefe  varia^ 
tions  in  the  conftituents  of  the  circula-. 
ting  fluids,  as  we  have  already  obferved, 
have  beea  fo  little  attended  to,  that  it  is 
i^npoffible  to  fpeak  of  them  with  any  de- 
gree of  certainty. 

It  does  not  feem  pofl^ble  to  aflign  the 
caiife  of  the  ftimulating  quality  -of  the 
blood.    Perhaps  we  ought  to  content  our- 
felves  with  obferving,  that  in  the  health-  / 
ful  ftate  the  blood  is  a  mixture  exadlly 

fitted 
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fitted  by  nature  to  ftimulate  the  organi- 
zation of  the  fanguiferous  fyftem.  The 
blood  is  preferved  in  a  proper  ftate  to  ef- 
fe(5l  this  purpofe,  by  the  fupply  of  new 
matter  which  it  receives  from  the  aUment, 
and  by  the  change  which  takes  place  up- 
on it  in  the  procefs  of  refpiration.  That 
a  fupply  of  new  matter  from  the  aliment 
is  heceffary  to  preferve  the  circulating  fluids 
in  the  healthful  ftate,  is  too  obvious  to  need 
proof:  And  that  the  procefs  of  refpira- 
tion is  equally  neceffary,  is  evident,  be- 
caufe  the  abftradlion  of  refpirable  air  for 
a  fhort  period  caufes  death.  In  this  laft 
cafe,  we  have  fo  ftriking  an  example  of 
the  bipod  in  a  fliort  fpace  undergoing 
fome  change,  by  which  it  is  rendered  in- 
capable of  ftimulating  the  fanguiferous 
fyftem,  that  it  may  not  be  improper  to 
add  a  few  obfervations  upon  the  fubje(n:. 

We  have  already  obferved,  that  the  ef- 
fects which  appear  to  be  produced  in  re- 
fpiration are,  firft.  The  feparation  of  a 
quantity  of  carbonaceous  matter  from  the 

blood ; 
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blood  ;  fecondly,  The  evolution  of.  heat ; 
and  thirdly,  A  change  in  the  colour  and 
qualities  of  the  blood  during  its  pafTage 
through  the  lungs.  But  can  we  fuppole 
that  the  mere  retention  of  a  fmall  quanti- 
ty of  carbonaceous  matter  in  the  fyftem, 
or  the  diminution  of  fenfible  heat  in  the 
animal  body,  can  be  the  immediate  caufe 
of  fudden  death  during  the  abftradlion  of 
oxygene  ?  It  muft,  however,  be  remark- 
ed, that  the  change  which  takes  place  in 
the  blood,  by  which  it  is  rendered  a  pro- 
per ftimulus  to  the  heart  and  arteries,  is 
certainly  in  part  efFedled  by  the  abftrac- 
tion  of  carbonaceous  matter  ;  and  proba- 
bly that  change  is  alfo  in  a  great  meafure 
owing  to  the  continued  evolution  of  :heat 
during  refpiration.  The  fenfible  heat  of 
the  fyftem  in  general  during  the  abftrac- 
tion  of  oxygene  forluch  a  . period  as  will 
caufe  death,  is  not  fo  far  diminifhed  as  to 
produce  any  pofiible  inconvenience.  Nay, 
,in  fome  cafes,  as  in  fuffoc^tion  by  th^  car- 
bonic acid  gas,  it  appears  that  the  fenfible 
Jieat  of  the  body  is  rather  increafed.  But, 

according 
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according  to  the  experiments  of  Dr  Craw- 
ford, it  appears,  that  the  relative  capaci- 
-ties  of  the  venous  and  arterial  blood  for 
receiving  heat  are  as  twenty  to  twenty- 
three*  By  the  alteration  then  which  takes 
{)lace  on  the  blood  during  refpiration,  the 
arterial  blood  acquires  this  increafed  ca- 
J)acity.  Now,  it  is  a  known  law  of  hea:t, 
that  if  two  bodies  of  different  capacities, 
and  at  different  temperatures,  are  brought 
in  contadl,  that  body,  the  abfolute  heat 
of  which  is  greateft,  will  f  aife  or  diminifh 
the  temperature  of  the  body  which  has 
the  leaft  capacity,  much  more  than  the 
latter  can  alter  the  temperature  of  the  for- 
mer ;  and  this  increafe  or  diminution  will 
be  in  the  dire(5l  ratio  of  their  capacities. 
Now  the  blood,  during  its  paffage  through 
the  lungs,'  not  only  acquires  an  increafed 
capacity,  or  has  its  abfolute  heat  aug- 
mented, but,  by  the  evolution  of  heat  in 
the  lungs,  its  temperature  or  fenfible  heat 
is  alfo  increafed  ;  and  confequently,  on 
being  applied  to  the  heart,  it  muft  give 
out  a  much  greater  quantity  of  heat  than 

it 
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k  could  have  done  before  it  had  under- 
gone the  change  of  which  we  are  {peak- 
ing. It  mull  further  be  obferved,  that 
the  heat  thus  communicated  to  the  muf- 
cular  fibre  of  the  heart  by  the  blood  re- 
turned from  the  lungs,  is  not  merely  in 
proportion  to  the  refpedlive  temperatures 
or  fenfible  heat  of  the  blood  and  mufcular 
fibre,  but  alfo  to  the  enlarged  capacity  or 
abfolute  heat  of  the  blood.  We  might 
proceed  to  illuftrate  this  fubjedl,  by  em^ 
ploying  numbers  to  denote  the  reJ[pe(fl:ive 
temperatures,  and  relative  capacities  for 
heat,  of  the  mufcular  fibre,  and  the  ve-c 
'  nous  and  arterial  blood  ;  but  experiments 
are  yet  wanting  to  enable  us  to  employ 
the  numbers  which  really  exprefs  the  ca- 
pacities, and  perhaps  alfo  the  refpedlive 
temperatures.  I  fhall  therefore  content 
myfelf  at  prefent  with  fuggefting,  that , 
there  is  the  higheft  degree  of  probability 
to  fuppofe,  that  the  qualities  which  the 
blood  acquires  during  its  tranfmifTion 
through  the  lungs,  by  which  it  is  fitted 
to  be  a  proper  ftimulus  to  the  heart  and 

jE  c  arteries, 
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arteries,  depends  on  the  abftradlion  of  car- 
bonaceous matter,  and  the  quantity  of 
heat  which  it  becomes  able  to  give  out  to 
a  fubftance  of  a  lower  temperature.  And 
laftly,  As  we  have  obferved  that  the  im- 
mediate caufe  of  death,  when  produced 
by  the  abftraiflion.  of  oxygene,  is,  that 
the  blood  is  no  longer  a  proper  flimulus 
to  excite  the  a(5liou  of  the  heart  and  ar- 
teries ;  now,  if  what  we  have  here  fug- 
gefted  is  founded  on  fa(5ls,  it  will  follow, 
that  the  beneficial  effects  derived  to  the  a- 
nimal  fyftem  muft  be  confined  to  the  con- 
fumption  and  carrying  oflF  the  carbona- 
ceous matter  4nd  the  evolution  of  heat; 
confequently,  although  the  oxygenous  gas 
may  itfelf  ftimulate  the  lungs,  yet  it  is 
not  to  be  confidered  as  producing  this  ef- 
fe(5l  on  the  fyftem  at  large,  but  that  it  is 
the  chief  fource  by  which  the  fyftem  is 
fupplied  with  the  ftimulus  of  heat, 

The  fexual  intercourfe  is  the  fecond  in-» 
ternal  power  which  we  have  mentioned. 
Though  not  elTential  to  animal  life,  it  is 
^bfolutely  nec^fiTary  for  the  continuation 
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of  the  fpecies,  and  it  is  a  powerful  flimulant 
to  the  fyftem.  The  mental  energy  in  this 
cafe  feems  to  co-operate  with  a  material 
ftimulus*  Excited  by  the  ideas  of  beauty, 
teal  or  fuppofed,  in  a  particular  objedl, 
and  flimulated  by  a  liquor  fecreted  from 
the  blood,  and  lodged  in  the  veficulse  fe- 
minales,  or  perhaps  exifting  in  the  blood*, 
man,  generally  fpeaking,  during  a  certain 
period  of  life,  feels  himfelf  under  the  in- 
fluence of  an  irrefiftible  impulfe.  The  ex-* 
hauftion  which  follows  the  action  of  this 
power,  clearly  illullrates  our  general  doc- 
trine, with  refpe(5l  to  the  operation  of  fli- 
muli.  When  the  paffion  is  too  freely  in- 
dulged, it  is  a  well-known  caufe  of  uni- 
verfal  debility. 

The  third  internal  power  which  ope- 
rates upon  the  body,  is  mufcular  motion^ 
This  appears  to  be  abfolutely  elFential  to 
the  continuance  of  animal  life.   If  this  fti-« 

The  late  Mr  John  Hunter^  in  oppofition,  I  believe,  W 
the  opinion  of  moft  anatomifts,  has  denied  the  previous  fe« 
cretion  of  the  femen. 
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mulus  does  not  a6l  in  a  fufficient  degree^ 
i.  e.  if  only  partially  abftraded,  difeafd 
certainly  follows  :  which,  though  perhaps 
flow  in  its  prdgrefs,  infallibly  fhortens  tht 
period  of  human  exiftence.  Examples  of 
this  kind  fall  daily  under  our  obfervation, 
in  people  whofe  lives  are  fedthtary,  whe- 
ther from  neceflity  or  habitual  indolence. 
The  contrary  extreme,  or  exceffive  labour', 
jiroduceis  a  fimilar  effedl.  In  both  cafes,  a 
debilitated  ftate  of  the  organization  is  in- 
duced. 

It  is  not  our  intention  to  attempt  an  ex:- 
planation  of  the  caufei  of  mufcular  mo- 
tion, any  farther  than,  as  we  have  already 
obferved,  that  mufcular  motion  obvioufly 
depends  on  the  nervous  flimuli :  for  al- 
though contracftions  can  be  produced  by 
the  adlion  of  mechanical  or  chemical  fti- 
mulij  in  the  mufcular  fibre,  both  in  the 
Hviflg  ftate,  arid  for  fome  time  after  the 
apparent  death  of  the  animal,  and  which 
contra6lile  power  is  not  pofTelTed  by  the 
medullary  fibre ;  yet,  as  we  have  already 
hinted,  all  the  motions  of  the  body  in  the 

living 
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iiving  flate,  both  voluntary  and  involun- 
tary, depend  on  the  operation  of  the 
nerves,  which,  by  their  uhiverlal  diftri- 
butiori  throughout  all  the  mufcles,  unite 
the  whole  into  an  indiviiible  organized 
fyftem,  of  which  the  fenforium  Gommund 
is  the  central  point. 

We  would  not  wifli  to  decry  the  la- 
bours of  thofe  who  have  endeavoured  to 
afcertain  the  caufe  of  tnufcular  motion ; 
yet  it  ought  to  be  remarked,  that  every 
attempt  of  the  kind  has  hitherto  been  uri- 
fuccefsful.  The  fuppofed  nervous  fluid, 
— an  invifible  aether,  —  and  eledtricity^ 
have  ail  been  in  vain  employed.  Nor 
docs  the  very  lingular  and  curious  influ- 
ence recently  difcovered  by  Galvani  feem 
to  throw  any  further  light  upon  the  fub- 
jedl  *.  In  the  prefent  flate  of  our  know- 
ledge 

*  The  following  quotation  is  given  merely  as  an  ex- 
ample to  what  extent  ingenious  men  can  indulge  themfelves 
In  fanciful  hypothefes  :  *'  Does  not  mufcular  contradlion, 
**  or  intumefcence,  really  depend  upon  the  combination  of 
"  oxygene  with  hydrogene  and  azote,"  (feparately  and 
Combined  in  various  proportions),  "  in  confequence  of  a 

fort 
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ledge  at  leafl,  we  mufl  reft  fatisfied  with 
the  fimple  fa  (ft,  that  fuch  a  power  of  mo- 
tion is  pofTefled  by  organized  matter ; 
and  that  this  motion  is  produced  by  the 
operation  of  ftimuU.  It  will  follow  then, 
that  the  proper  exercife  of  this  motion  de- 
pends upon  a  certain  ftate  of  the  organi- 
zation, and  the  operation  of  the  natural 
agents  in  due  proportion.  If  thofe  effen- 
tial  ftimuli,  heat,  air,  and  aliment,  are 
in  any  degree  abftradled,  a  proportionate 
degree  of  weaknefs  will  be  produced  in 

the 

**•  fort  of  explofion  produced  by  the  nervous  cleftn'clty  ? 
*'  Accordinjj  to  this  Bypothefis,  anlm  J  motion,  at  leaft 
*'  that  of  animals  analogous,  to  man,  would  be  produced 

by  a  very  beautiful  pneumatic  machinery  ;  and  our 
*'  nervous  and  mufcular  fyfteras  may  be  confidtred  as  a 
*'  fort  of  fteam  engine.  This  hypothelis,  though  not  per- 
*'  haps  at  this  moment  capable  of  ftridt  proof,  is  extremely 

probable,  fince  it  is  countenanced  by  every  obfervation 
♦*  and  lexpertment  yet  made  on  the  fubjeft.'  Vid.  Obfcr- 
Tations  on  the  nature  and  cure  of  Calculus,  &c.  by  Dr 
jBeddoes,  page  258.  Can  any  one  ferioufly  believe  that  an 
explojion  of  oxygene  and  hydrogrene  takes  place  in  every  in* 
ftance  of  mufcular  contra6lion  ?  .^t  the  beginning  of  the 
prefent  century,  the  human  frame  was  fuppofed  to  be  a 
hydraulic  machine.  We  are  now  changed  into  fteam  en* 
i;ines,  or  perhaps  into  pncumato-chemical  upparatus^. 
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the  organization,  and  the  power  of  mo- 
tion is  confiderably  diminiflied.  It  is  e- 
qually  true,  that  the  abflradlion  of  thefe 
ftimuli  to  a  certain  degree  will  produce 
the  mod  violent  fpafms  and  convulfions, 
i.  e,  morbid  mufcular  motion.  Thefe 
irregular  motions  of  the  mufcular  fibre, 
evidently  depend  on  a  debilitated  ftate  of 
the  organization:,  produced,  in  this  cafe, 
by  the  abftradtion  of  ftimuli.  A  well 
known  fa(5l,  which  is  every  day  feen  in 
the  fhambles,  will  clearly  illuftrate  this 
point.  When  an  animal  is  put  to  death 
by  the  abftradlion  of  blood,  its  life  termi- 
nates in  ftrong  convulfions.  Here  the  ir- 
regular motion  of  the  mufcular  fibre,  is 
a  confequence  of  that  debility  which  is 
induced  by  abftradling  the  ufual  ftimu- 
lus  of  the  blood. 

But  as  the  power  of  motion  in  the  muf^ 
cular  fibre  is  diminiflied  in  proportion  to 
the  abftradlion  of  the  ufual  ftimuli,  and 
is  totally  deftroyed  if  thefe  ftimuli  entirely 
ceafe  to  adl  upon  the  body  ;  fo  alfo  that 
power  of  motion  may  be  diminiftied  and 

deftroyed, 
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deftroyed,  by  the  fame  ftlmuli  suSiing 
with  too  great  force,  or  by  the  more 
powerful  artificial  ftimuli,  as  alcohol, 
opium,  &c,  when  operating  to  a  certain 
extent.  In  this  cafe  debility  is  induced 
^s  well  as  in  the  former.  The  body  in 
the  firft  inftance  may  be  more  highly  ex- 
cited, and  the  animal  fibre  may  acquire 
a  greater  degree  of  vigour  by  the  exceffive 
?i6lion  of  ftimuli  ;  but  in  the  ultimate  ef- 
feOis  we  can  obferve  no  material  dilfer-r 
ence  in  the  debilitated  flate  of  the  organi- 
zation produced  by  the  exceffive  ac^tioi^ 
or  abflradlion  of  fliniuli. 

The  principal  point,  however,  to  which 
we  are  here  to  attend,  is,  that  the  mufcur 
Jar  motion  itfelf,  by  whatever  means  pro^ 
duced,  is  a  fliipulus  to  the  fyflem  in  gene- 
tal.  The  operation  of  this  power  is  ncr- 
celTary  to  effedl,  in  a  due  proportion,  all 
t}ie  fecretions  and  excretions  of  the  body. 
Hence  mufcular  motion  is  e'fTential  to 
tjie  healthful  flate,  and,  like  every,  other 
Itimulus,  its  exceffive  a6lion  is  well  known 

be  injurious.    Whether  any  unknown 

changq 
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C-kange  takes  ^lace  on  the  animal  fibre  by 
a  too  muda  increafed  or  diminillied  mus- 
cular motion,  it  is  impoflible  to  determine. 
But  it  is  fafiiciently  obvious,  that  a  mate- 
rial alteration  muft  take  place  in  the  or- 
ganization, 'from  too  :great  an  increafe  or 
diminutioii  in  the  -fecretiotis  and  excre-* 
tions  wjiich  neceffariiy  follow  an  extreme 
or  diminifhed  mufcular  action.  By  the 
firft,  tiie  body  is  deprived  too  rapidly  of 
matter  J  and  by  the  fecond,  thofe  fub* 
ftances  which  have  performed  their  def- 
tined  ufe,  and  which  ought  to  be  carried 
off,  are  detained  in  the  fyftcm. 
The  fourth  and  lall  of  the  internal  powers 
which  operate  upon  the  body,  is  the  men- 
tal energy.  In  every  adlion  of  life  the  in- 
fluence of  mind  upon  the  body  is  percep- 
tible^ and  the  mo'ft  material  alterations  are 
produced  on  tlie  organization  by  the  ope- 
ration of  the  more  violent  mental  paf- 
fions. 

It  is  not  our  bufinefs  to  inftitute  an  in- 
quiry relative  to  the  nature  either  of  the 
mind  itfelf,  or  of  that  intimate  connec- 

F  f  tion 


2  26       CAUSES  AND  PHENOMENA 


tion  which  fubfifts  between  it  and  the  bo- 
dy. That  the  greater  part  of  our  mental 
perceptions  are  derived  from  impreffions 
made  by  external  dbjedls,  and  conveyed 
to  the  mind  by  the  organs  of  fenfation,  is 
fufficiently  evident ;  and  that  the  mind 
rea6ls  upon  the  bodily  organization  is 
equally  obvious.  The  continued  exer- 
tion of  the  mental  energy-  is  neceflary  to 
produce  the  a6lion  of  all  the  voluntary 
mufcles.  Hence  it  feems  clear,  that  the 
mental  energy  operates  as  an  exciting 
power  or  llimulus  to  the  bodily  organiza- 
tion. 

That  exercife.  of  r. the:  mental  power 
which  ,  .i!i|v.l;e?*med  thinking,  is  evidently 
ftimulanftilfp)  the  material,  organization. 
The  pxercife;  pf  this  funcflion  will  protract 
the  waking  ftate,  even  when  the  bddy  is 
much  exhaufted  by  labour.  Thinking, 
however,  like  every  other  flimulus,  pro- 
duces that  change  on  the  organization 
which  renders  the  body  lefs  fufceptible  of 
the  a(5tion_of  ftimuli.  -  The :  univerfal  laf-. 
fiiude  which  follows  fevere  ftudy,  and 
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which  has  been  experienced  by  every  per- 
fon  capable  of  intenfe  thinking,  fuffi- 
ciently  exemplifies  this  obfervation.  But 
the  continued  exertion  of  this  fundlion 
will,  like  every  other  ftimulant  power, 
produce  that  degree  of  debility  in  the  a- 
nifnal  body,  by  which  it  becomes  fo  much 
fufceptible^  of  the  a(5^ion  of  the  various 
agents  as  to  conflitute  the  morbid  ftate. 
Hence  morbid  watchfulnefs  may  be  pro- 
duced by  intenfe  thinking.  The  faculty 
of  thinking  appears  then  to  be  capable  of 
producing  very  material  alterations  in  the 
-flate  of  the  animal  fibre.  When  exercifed 
in  a  moderate  degree,  it  gives  energy  to 
,  the  fyftem;  but  if  its  adion  is  too  much 
increafed,  it  will  produce  all  the  various 
ftages  of  debility,  and  will  not  only  ac- 
celerate the  deftrudion  of  the  fyftem,  but, 
perhaps,  if  adling  in  a  very  high  degree, 
may  produce  fudden  death. 

But  it  is  in  the  more  powerful  efFecls 
upon  the  bodily  organization  produced 
by  the  ftronger  paflions,  that  we  can  dif- 
cern  the  extraordinary  influence  of  the 
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mental  energy  upon  the  body,  and  aF«, 
in  fom€  degree,  enabled  to  afcertain  the 
naturfe  of  its  operation.  Th-e  paffions  are 
naturally  divided  inta  two  kinds :  They 
have  been  termed  the  exciting  and  the 
fedative  paffions.  Of  the  fiFft  kind  are, 
confidence,  hope,  joy,  love,  anger,  and 
hatred.  Fear,  forrow,  grief,  atid  defpair, 
are  of  the  fecand  kind.  It  wriU  be  gene- 
rally admitted,  that  the  firft  clafe  ftimu- 
late,  or  produce  a  temporary  energy  in  the 
fyflem  ;  and  it  is  certain,  that  their  con- 
tinued a6lion  exhaufts  or  debilitates  the 
body.  If  operating  in  an  exceffiye  degree, 
they  are  capable  of  fa  far  dera,nging  the 
arganization  as  to  produce  death.  The 
effe<5ls  of  exceffive  joy  or  anger  in  this 
refpe(5l,  are  too  well  known  to  need  exem- 
plification. 

The  depreffing  paffions,  on  the  other 
hand,  immediately  debilitate  the  organi- 
zation. The  efiedts  of  fear  or  grief,  if 
arifing  to  any  confiderable  degree  upon 
the  human  body,  are,  lofs  of  appetite,  in- 
digeftion,  and  other  fymptoms  of  dyfpep- 
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fia,  diarrhoea,  and  that  degree  of  debility 
which  produce^  the  morbid  watchful 
ftate.  The  fyftem.  alfo  becomes  more 
fufceptible  of  the  a(5lion  of  deleterious 
powers,  as  the  contagion  of  typhus,  8cc. 
The  fame  total  derangement  of  the  orga- 
nization follows  the  exeeflive  operation  of 
thefe  paflions,  as  well  as  the  former  clafs. 
Thus  exceffive  fear  or  grief  has  often  pro- 
duced death. 

'  It  has  been  alledged,  that  the  depref- 
fing  paiBQns  are  only  a  diminution  of 
ithe  exciting  paffions,  not  emotions  of  an 
oppofite  nature  *  :  That  they  are  there- 
fore to  be  coniidered  as  weak  ftimuli,  and 
that  their  operation  upon  the  body  is  the 
iame  as  the  abflra(5lian  of  the  necelTary 
ftimuli.  This  opinion  is  inadmiflible ; 
Firft,  Becaufe,  as  we  have  formerly  ob- 
ferved,  no  power  can  be  coniidered  as  fti- 
mulant,  unlefs,  when  operating  in  a  cer- 
tain degree,  it  has  the  effed:  of^  producing 
energy  in  the  fyftem.  But  fear  or  grief, 
operating  in  any  degree,  produce  debility. 

Secondly, 

*  Vid,  Element.  Med.  Brun. 
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Secondly,  It  is  manifeftly  abfurd  to  fup- 
pofej'-that  grief  is  merely  the  abftradion 
of  joy,  or  fear  of  cqnfidehce.  We  cannot 
avoid  perceiving,  that  the  deprefling  paf- 
fions  are. not  mere  abftra6lions  of  ftimu- 
lant  agents,  but  are  rather  powers  which 
operate  with  confiderable  force,  directly  in- 
ducing debility  in  the  fyftem.  This  clafs 
of  paflions,  therefore,  muft  be  confidered 
as  fedative  powers  ;  and  the  convi<5lion  that 
they  are  fuch,  naturally  leads  us  to  con- 
clude, that  there  are  other  fubftances  in 
nature  which  alfo  produce  a  direcflly  fe- 
dative effe6l  upon  the  body.  Such,  per- 
haps, is  the  marfh  miafmata,  and  the 
contagion  of  typhus.  ,  - 

In  the  profecution  of  this  EfTay  we  have 
feen,  that  the  human  body,  though  form- 
ed of  matter  under  various  modifications, 
pofTelTes  a  ftriking  fimilarity  in  the  or- 
,  ganization  of  all  its  parts.  Through  the 
union  of  thefe  parts  by  the  univerfal  dif^ 
tribution  of  the  nerves,  a  complete  and 
indivifible  fyflem  is  formed.  And  fuch 
is  the  unity  of  the  body,  that  no  power 
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can  poffibly  operate  upon  any  part  of  it, 
without,  in  a  greater  of  leffer  degree,  af- 
f€(5ling  the  whole. 

The  body,  thus  formed,  appears  to  be 
fufceptible  of  impreffions  from  a  great  va- 
riety of  agents.  A  particular  fet  of  thefe, 
which  we  have  ftyled  the  natural  •  or 
healthful  agents,  by  their  operation  upon 
the  body,  produce  the  phenomena  of  life. 
This  fufceptibility  of  impreffions,  which 
we  obferve  in  the  body,  we  are  conftrain- 
ed  to  afcribe  to  its  peculiar  organization.  - 
Every  attempt  hitherto  made  to  afcertain 
the  caufe  of  this  fufceptibility,  has  failed. 
The  utmofb  extent  of  our  knowledge  upon 
this  fubje(fl,  appears  to  be,  that  life,  and 
all  its  various  phenomena,  are  produced 
by  the  adlion  of  the  healthful  Agents  upon 
matter  peculiarly  organized. 

The  continuance  of  life,  and  the  pre- 
fervatign  of  the  healthful  ftate,  appear  to 
depend  upon  the  natural  agents  adling  in 
a  degree  proportioned  to  the  ftate  of  the 
organized  matter.  /  If  thefe  agents  are 
partially  withdrawn,  a  debilitated  ftate 
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of  the  organization  is  produced,  in  ptx3- 
portLon  to  the  extent  and  period  in  which 
thefe  healthful  powers  are  abftradled.  la 
all  thefe  cafes  we  lee  a  progrefTive  debility 
taking  pla<:e,  which  finally  terminates  in 
death.  The  fame  effect;  is  produced  by 
the  total  abftradlion,  for  a  very  fliort  pe- 
rixjd,  of  all  or  any  of  thofe  agents,  the 
operation  of  which  is  eflential  to  the  con- 
tinuance of  life,  fuch  as  heat,  air,  and  a- 
littient.  '  . 

The  fame  healthful  flimuli,  a<fting  in 
t-oo  great  a  proportion,  produce  a  de- 
rtogement  of  the  organization,  which  is 
alio  marked  by  debility,  and  which  will 
alfo  terminate  in  death.  But  this  is  al- 
ways preted-ed  by  itn  apparently  iftcreafed 
vigour  in  dT:e  fyftem,  u«le£s  the  a<5lion  of 
the  flimuli  is  in  an  exceilive  degree.  In 
thi«  iaft  iaftance,  i,  e.  when  the  ftimuli. 
A<5t  in  an  exceffive  degree,  death  is  Ipeed- 
ily,  and  in  fome  cafes  i-nftantaneoufly,  in- 
duced. 

The  debilitated  ftate  of  the  organiza- 
tion, whether  produced  by  thfc  abftradion. 

or 
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or  exccflive  adlion  of  the  natural  agents, 
or  of  the  artificial  ftimuli,  differs  not  in 
its  nature,  Though  produced  by  thefe 
oppofite  caufes,  it  can  only  be  removed 
by  the  fame  means,  viz.  employing  the 
healthful  and  artificial  agents  in  a  due 
proportion.  The  diftindlion,  therefore, 
between  direct  and  indiredl  debility,  feems 
not  to  be  founded  in  nature. 

When,  by  the  due  adion  of  the  natu-^ 
ral  agents,  the  body  has  acquired  its  high- 
eft  ftate  of  vigour,  i.  e.  during  the  period 
of  manhood,  the  organization  becomes 
lefs  fufceptible  of  the  adlion  of  many  fti^ 
muli.  This  arifes  merely  from  the  vigo^ 
rous  ftate  of  the  animal  fibre.  -Habit 
may  alfo,  for  a  ftiort  period,  inu^re  the 
body  to  the  adtioi^  of  certain  ftimuli,  fp 
as  to  render  it  necefiTary  to  employ  a  lar- 
ger proportion,  in  order  that  the  ufual 
effedl  may  be  produced.  But  the  animal 
iyftem  cannot  be  habituated  to  the  ex- 
^  ceflive  a(flion  of  any  ftimuli.  If  their  o- 
peration  is  increafed  in  any  degree  be- 
ypnd  what  is  abfolutely  required  to  pre- 
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ferve  the  healthful  ftate,  debility  mufl: 
induced.  In  old  age,  man  becomes  more 
fufceptible  of  the  acflion  of  powerful  fti- 
muli  than  in  middle  life.  Hence  the  fup* 
pofition,  that  in  advanced  life  an  increa- 
fed  proportion  of  the  artificial  ftimuli  be- 
comes neceflary,  -appears  to  be  without 
foundation. 

During  the  progrefs  of  life,  we  ob ferve 
various  modifications  taking  place  in  the 
animal  fibre,  by  the  operation  of  the 
healthful  agents.  From  infancy  to  man- 
hood the  wafte'  of  the  fyftem  is  repair- 
ed,-—the  animal  fibre  i«  recruited, — ^the 
matter  of  the  body  is  increafed, — and  a 
firm  vigorous  organization  is  produced, 
by  the  operation  of  the  natural  agents, 
particularly  aliment.  From  manhood  to 
old  age  another  change  progreflively  takes 
place.  The  animal  fibre  becomes  daily 
lefs  fufceptible  of  receiving  new  matter, 
till  at  length  it  is  fd  far  deranged  that  it 
cannot  derive  nutrition  from  the  aliment. 
The  a(5lion  of  the  fame  powers  which, 
from  infancy  to  manhood,  had  increafed 

the 
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tire  vigour  of  the  bodily  organization,  du-* 
ring  the  fucceeding  period  produces  de- 
cay, and  their  continued  operation  finally 
cxhaufts  the  fyflem,  and  iiTues  in  death. 

'From  the  fubjeds  on  ^hich  we  have 
treated,  many  iniportant  deduclions  might 
be  drawn  relative  to  medical  pt*a(5lice  5 
but  this  would  lead  us  beyond  the  bounds 
we  have  prefcribedi  It.  may,  howeverj 
be  remarked,  that  the  inclivifibility  of  the 
body  feems  to  deferve  the  moft  particular 
attention  in  the  cure  of  difeafes.  It  is  a- 
lone,  by  attending  to  this  fa^dl,  that  we 
can  properly  diflinguifh  between  genidral 
and  local  difeafes.  It  may  be  fufpedled^ 
that  in  many  cafes  local  remedies  are 
employed  and  depended  on  wheti  the  com- 
plaint is  truly  general,  and  can  only  be 
removed  by  producing  a  healthy  ftate  in 
the  organization  of  the  whole  fyflem. 

That  much  more  is  to  be  expe(5led  in 
the  cure  of  difeafes  from  diet  and  other 
regimen,  than  from  medicine,  is  general- 
ly admitted.  It  cannot,  however,-  be  de- 
nied, that  this  maxim  is  iiot  lufficiently 
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attended  to  in  the  pradice  of  medicine. 
From  a  due  application  of  the  healthful, 
agents  the  moft  important  changes  may- 
be produced  in  the  animal  body.  To  the 
Operation  of  thcfe  agents  alone  can  we 
look  for  the  cure  of  all  difeafes  of  debili- 
ty, and  which  include  the  greater  part, 
if  not  the  whole  lift  of  maladies  to  which 
human  nature  is  fubje6l.  In  no  cafe  of 
general  difeafe,  and  there  are  few  others, 
can  a  cure  be  expedled  from  medicine  a-» 
lone,  without  a  due  attention  to  the  diet 
and  other  regimen  ;  but  there  are  many- 
cafes  in  which  the  latter  may  remove  diA 
eafe  without  aHiftance  from  the  former. 
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